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under certain circumstances. By Micuarn Donovan, Esq., M. il Al. 
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Ir is known that under certain circumstances of temperature some metals 
when connected with a galvanometer, and brought into contact with each other, 
produce a deflection of the magnetic needle, which will appear to be reversed 
when, instead of contact, attrition is employed. 

Such facts have given rise to much difference of opinion, and, as I conceive, 
to much misapprehension both of the phenomena and their cause. Professor 
Erman of Berlin, who had devoted his attention to the subject, thus sums up 
the opinions current upon it:—“ Some observers, who appeal to the authority of 
Mr. Emmet, express what they consider to be the law of this action, by saying 
that thermo-electricity of contact is changed invariably into the opposite state by 
the friction of the metallic factors. Others, on the contrary, deny in toto the 
influence of friction on thermo-electric phenomena. Thus it was recently 
adverted to in a scientific journal as a highly paradoxical fact that, in a 
given case, the friction had caused a change of sign in the thermo-electric decli- 
nation produced by the contact of two heterogeneous metals, but, at the same 
time, this ‘ umheard-of’ fact, as it was called, was explained by supposing, gra- 
tuitously, that the friction had been effected whilst keeping the metal to be 
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rubbed in the naked hand, and in thus producing an accidental change of tem- 
perature. This explanation was offered on the assumption that friction in itself 
is not capable of producing any effect. Between the two extremes of tribo- 
thermo-electric omnipotence and nullity, I have tried to discover the middle 
course of truth.” 

Professor ErmAN then delivers his own opinion, and the facts from which 
he has deduced it:—* A bar of bismuth was joined to that branch of the rheo- 
phore of this instrument (the galvanometer) where the silver of a voltaic 
element (silver and zinc) produces an eastern deviation; and a bar of antimony 
to the other branch of the rheophore. Both of these bars were provided with 
handles, so that they could be employed without undergoing any change of 
temperature in the manipulation. When, through these being stationed in the 
same room, the two bars had previously arrived at the temperature of the sur- 
rounding space, no deviation whatsoever was produced by their contact, but the 
slightest friction of either of them against the other gave immediately an eastern 
deviation. This latter extended even to an entire revolution of the needle in the 
same direction, if the friction proceeded rather more rapidly. By gently raising 
the temperature of the two bars to 30° or 35° of Reaum., scale (100° or 111°Fahr.), 
their contact in a state of repose always produced a stationary eastern deviation 
of about 30°, which by rubbing was further increased to 60’, and there likewise 
remained invariable as long as friction continued. At length, when I cooled 
the bars below the temperature of the room, by the evaporation of naphtha 
vitrioli (sulphuric ether), their contact continually produced a western deviation, 
which by rubbing was instantaneously changed into a contrary or eastern one 
of apparently the same amount as before, and this likewise remained stationary 
as long as the friction continued; but, by the interruption of it the western 
deviation was immediately restored. This simple sketch of the phenomena of 
changes of intensity or even of sign, which friction, at the point of contact, 
gives to the deviation of a multiplicator’s needle, will already suffice to exhibit 
it as a mere consequence of the heat produced by the action of rubbing.”* 

Professor Ermay, in alluding to the difficulty of investigations of this kind, 
and, as he expresses it, “the arduous nature of the observations required,” 


* Report of Fifteenth Meeting of British Association, June, 1845, p. 103. 
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informs us of the many errors into which he was led by the action of the rheo- 
phores, with which the communication between the metals experimented on 
and the galvanometer coil was established, heterogeneous as these metals and 
the wires must often be. He had hoped that the specific action of the rheo- 
phores “on the thermo-electric elements could be neglected, and that therefore 
the observed deviation might be assumed to result only from the temperature, 
or from the friction of the thermo-electric couple. A course of rather tedious 
experiments have shown me that this supposition is most erroneous, and utterly 
deceptive, when applied to refined investigations and highly susceptible instru- 
ments. A multitude of contradictory and incoherent facts accumulated them- 
selves like a chaos, before I arrived at this source of error.” ‘A voluminous 
journal of attempts was multiplied by the unexpected thermo-electric influence 
of the rheophores destroying its value.” 

For my own part, I can fully appreciate the difficulties and incoherent results 
which obstructed Professor Erman’s progress in this obscure investigation. The 
same, along with many others, had bewildered me; and to such an extent that 
I more than once contemplated the abandonment of the subject. 

The adoption of new methods and the performance of multiplied experi- 
ments have given me some confidence in the statements which here follow, 
although they by no means correspond with results that have been published 
by other investigators. 

It is convenient, in the first place, to state the conclusions to which my 
experiments have led me, and which I have called Laws for want of a more 
appropriate term. But I am aware that they should be the proved expression 
of a far greater number of accordant facts than I have been able to elicit before 
they can in strictness be admitted as the general laws which determine the 
deflections of the magnetic needle when under the influence developed by the 
attrition or thermo-contact of dissimilar metals. 

Law I. The agent which causes the deflection of the galvanometer needle 
may be brought into action either by contact with each other at unequal tem- 
peratures of certain metals, metallic ores, or some forms of carbon ; or by their 
attrition against each other, whether at equal or unequal temperatures. 

Law II. When two different metals,* and sometimes two separated masses 


* To avoid perplexity I omit ores and carbon, although they are subject to many of the laws. 
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of the same metal, are rubbed against each other, deflection will result, the 
degree of which will vary with the metals or metal employed, and to a certain 
extent with the force and rapidity of attrition. This deflection will take place 
in air, or under the surface of mercury, or of aqueous, oily, ethereal, or alcoholic 
liquids. 

Law III. When two different metals, and sometimes two separated masses 
of the same metal, are brought in contact, at unequal temperatures, deflection 
will generally take place, the degree being determined by the nature of the 
metals or metal, and the difference of the temperatures at which the contact is 
effected. 

Law IV. If two different metals be at the same temperature through- 
out their mass, whether it be high, low, or mean, contact will not produce 
deflection. 

Law V. 1. Sometimes the deflective energy developed by attrition, at 
unequal temperatures, is more effective than that produced by contact, when 
the temperatures are in a state of inequality to the same amount as that at 
which attrition took place. 

2. And sometimes the deflective energy of two metals in contact, at unequal 
temperatures, is more effective than that developed by their attrition when their 
temperatures are in a state of inequality to the same amount. The result 2 
is of less frequent occurrence than 1. 

Law VI. When two metals, at unequal temperatures, produce deflection 
on the same side of the magnetic meridian, both by their attrition and contact; 
while if their temperatures be equal, their attrition causes deflection on the 
opposite side of the magnetic meridian ; it is a consequence that the deflection 
caused by attrition or contact of the metals, while their temperature is ade- 
quately unequal, will change to the opposite side of the magnetic meridian if 
attrition be employed during the period of their near approach to and arrival 
at equality of temperature. 

Law VIL. If the deflections be all on the same side of the magnetic meri- 
dian which are produced, first, by the contact or attrition of two metals at 
unequal temperatures, and, second, by their attrition at equal temperatures ; 
then it is but another mode of expression to say that there can be no such 
reversal as in Law VI. 


Producible by Attrition and Contact of Metals. 7 


Law VIII. Whether these deflections will take place on the eastern or 
western side of the magnetic meridian will be determined by the relative tem- 
peratures at which contact or attrition of the metals has been effected; and by 
the peculiar influence of the metal that is placed in connexion with each 
extremity of the coil of the galvanometer. 

Law IX. The condition necessary to the production of deflection, by con- 
tact of two different metals, is that heat shall be at that moment entering or 
leaving one of them; or that heat shall be unequally entering or unequally 
leaving both of them; no matter whether the inequality depend on difference 
of supply, of conduction, or of capacity; or on unequal diffusion of heat arising 
from difference of mass of the metals; or on more than one, or all of these 
causes conjointly. The deflection, caused by the unequal entrance of heat into 
metals in contact, will be on the side of the magnetic meridian opposite to that 
on which it would be if heat were leaving them unequally. 

Law X. The form of the metal influences its effects: rods and rings for 
the most part act differently from hemispherical masses. Ifa metal rod be 
heated at one end, and applied or rubbed to a rod of a different metal at a 
much lower temperature, the former will most generally be thrown into a state 
of polarity, each end being capable of producing deflection opposite to that 
which the other end produces: the latter rod when similarly treated will evince 
a contrary polarity. Either rod will reverse the deflections mentioned if its 
other end be the sole heated one. But the application of an equal and ade- 
quate heat to the whole extent of a rod will cause it, in the case of some metals, 
not only to lose its polarity, but even the power of producing deflection, the 
needle remaining at zero; and in other cases, although the polarity will be 
destroyed, the rod will act in the same manner and with the same energy, with 
regard to producing deflection, as a hemispherical mass would have done at 
the same temperature. In many cases the polarity may be destroyed, and all 
effect of that metal rendered null, by the nice adjustment of the relative por- 
tions of the rod heated and not heated. 

Law XI. If two rods of different metals, properly connected with the gal- 
vanometer, be placed in contact with each other at one point; and if a corre- 
sponding small portion of each be subjected, at the point of contact, to an equal 
and adequate temperature, above or below that of their respective remainders, 
they will produce deflection on the side of the magnetic meridian opposite to 
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that on which the deflection would have temporarily taken place, had the me- 
tals been, throughout their mass, exposed to that temperature. If the portions 
of the metals acted on be raised above the temperature of their remainders, 
the deflection will be on the side of the magnetic meridian opposite to what 
it would have been had these parts been reduced to a temperature below that 
of their- remainders. 

Law XII. The deflection produced by thermo-contact or attrition will be 
always reversed when the exciting metals connected with the extremities of the 
galvanometer coil are transposed. 

Law XIII. When deflection is produced in consequence of the attrition or 
contact of two metals, one of which is hotter than the other, the deflection will 
in many cases change to the opposite side of the magnetic meridian if the 
hotter metal be adequately cooled, and the cooler metal be adequately heated, 
the contact or attrition being renewed. Any two metals which, when asso- 
ciated, comport themselves in this manner may fail to do so when differently 
associated. 

Law XIV. The deflection produced by the mutual attrition of any parti- 
cular pair of metals will take place at all temperatures of these metals on the 
same side of the magnetic meridian, provided that the temperature is equal or 
nearly equal in both. As this direction of the needle is always the result of 
the attrition of these particular metals, when they are in their ordinary state of 
equality of temperature, it may be conveniently called the natural deflection of 
any pair of metals. 

Law XV. The deflection caused by chemical action of a menstruum on 
two associated metals has no observable dependence on, or connexion with, 
that produced by thermo-contact or attrition of these metals. 

Law XVI. The agent developed by the attrition of two metals, even when 
rapid, forcible, and long continued, does not manifest any decomposing influence 
on chemical compounds. It is not conducted by aqueous liquids, even when 
containing saline impregnations. 

To these sixteen laws, in the expression of which the language of hypothe- 
sis has been avoided, I conceive may be referred the whole of the complicated 
phenomena which thermo-contact and attrition of metals and other substances 
produce; at least as far as researches have yet disclosed. 

Tn the following statements, when reference is made to the galvanometer, 
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I use the terms “ zinc side” and “silver side.” When it is mentioned that any 
process was effected at the zinc side, it means that the substance concerned was 
connected with that end of the galvanometer coil, which, if in communication 
with the zinc element of a voltaic combination of zine, silver, and dilute sul- 
phuric acid, would cause that end of the upper bar of the compound, or astatic 
needle, which naturally points to the north, to turn towards the west. The silver 
side, therefore, means the end of the coil which, with that same deflection, 
would be in connexion with the silver element of such a combination. 

When eastern or western deflection is mentioned, it signifies that the end of 
the upper bar of the compound needle, which naturally points to the north, has 
moved in these directions. For many of the experiments described a galvano- 
meter of extreme susceptibility is required, in order that the results may be 
unequivocal. I have described one in the Transactions of the Royal Irish 
Academy, Vol. xxu, Part 8, which answers perfectly, and it was used in these 
experiments. 

In most of the following experiments the metals to be tried were formed 
into hemispheres, the flat faces of which were polished: they were of an inch and 
quarter diameter across the flat circular face; the round back of each had a neck 
to which the rheophore wire was firmly fixed; and each hemisphere was attached 
by its neck to a wooden handle. The rheophore wire was generally of silvered 
copper nearly as thin as a human hair; for by this contrivance the portion at- 
tached to the neck of the hemisphere always maintained the temperature of the 
neck itself; hence, by Law tv., the contact of the neck and rheophore did not 
develope any deflecting agency, and there was no interference with the indica- 
tions of the hemispheres experimented on. These extremely fine rheophore 
wires are only fitted for metals which act on each other with a certain intensity; 
when the deflecting power of the metals is weak, the rheophore must consist 
of a somewhat thicker wire; but even such wire, when connected with the 
hemispheres, does not interfere with the deflections. In the case of platinum, 
palladium, and gold, I made use of thin plates of these metals fastened to 
wooden handles. Such handles are indispensable, because, if the metallic hemi- 
spheres, or plates, were held in the hand, their temperature would be interfered 
with, and erroneous results obtained. 

The means made use of for bringing the hemispheres to any required tem- 
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perature, or to an equality of temperature, were to immerse them in water, 
whether hot or cold. The necessary cold was sometimes attained by keeping 
masses of ice in the water. To produce equality of temperature in this man- 
ner is not so easy as might be imagined—so small is the difference that will 
give evidence of its existence. If ice be used, different parts of the water will 
be at temperatures not exactly the same. Even when the water is hot, the 
vessel, or the thick parts of it, will vary; and by contact the metallic hemis- 
phere may participate in the difference, or the wooden handles may defend 
parts of the metal. The best way is to allow the hemispheres and handles to 
remain an adequate time in the water, using almost constant agitation, until 
centrally and externally they be of the same temperature as the water. 

I have sometimes used the expression “ adequately hot,” or “ adequately 
cold,” to signify that decided effects can only be produced by a considerable 
difference of temperature. Ina few instances I found that the hemispheres acted 
better when their flat faces were wet; and this does not alter their indications. 
Instances occur in which the deflective energy of the metals is so feeble that 
attrition, effected by the hemispheres held in the hands, is inadequate; in such 
cases I had recourse to a piece of revolving machinery, which will be described 
hereafter, and thus the metals were made to rub against each other with the 
greatest rapidity. I now proceed to explain and amplify these different Laws. 

Laws L., II., III. On the first, second and third Laws, there is little to re- 
mark. It is not metals alone that exhibit the phenomena; many of their ores 
exhibit the same powers, but generally with less energy. Newly burnt box- 
wood charcoal, rubbed against a revolving plate of bismuth, acted on the gal- 
vanometer so energetically, that the needle traversed the whole circle with 
vivacity. That peculiar carbon, also, which is deposited on the interior of iron 
gas retorts long in use, acts as a metal. Either of these forms of carbon com- 
ports itself with bismuth, in all respects, like antimony, with regard to the 
direction of the needle, when acted upon by thermo-contact, or attrition. Gra- 
phite also acts similarly. 

In appreciating the effect of temperature on an associated pair of different 
metals, which produce deflection by contact, it has been supposed by Erman 
that the temperature of the surrounding atmosphere is the standard at which 
no deflection would be produced by contact, and that by raising or lowering 
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the temperature equally in both metals above or below that standard, the de- 
flection would take place. There is in this proposition more than those who 
rely on it are perhaps aware of, as will be shown under the consideration of the 
fourth Law. For the present it is only necessary to observe, in support of Law 
ut, that the temperature of the surrounding media has no connexion with the 
subject; that the cause of deflection is dijference* of temperature between the 
two metals, and not its elevation above, or depression below, that of the air. 
Thus, when the temperature of the air was 60°, a pair of bismuth and antimony 
would produce deflections, whether one of the metals was at 30°, 60°, or 100°, 
the other being 212°. The deflection of greatest amount is produced by the 
greatest difference of temperature. 

Law IV. I have verified this Law in the case of gold, platinum, palladium, 
silver, copper, brass, German silver, nickel, zinc, cadmium, tin, lead, antimony, 
arsenic, iron, bismuth, and mercury. Hemispheres, or plates, of the first six- 
teen of these metals, mounted with capillary rheophores and wooden handles, 
in the manner already described, were left in pairs, lying near each other for 
some hours, so that they all assumed the same temperature. By bringing the 
metals of each pair into contact, taking care to avoid friction, there was not the 
slightest deflection of the galvanometer with which they were connected. The 
trials were made at different temperatures of the air, between 36° and 70°. 
They were also made at temperatures varying from 70° to 212°, in which case 
the method adopted was to place the two hemispheres in a vessel of water, of 
the required heat, at a little distance from each other: the chemical action of 
the water on the metals caused deflection; when it was judged that both were 
at the same temperature they were brought into contact; the needle came to 
zero, all deflection being at an end. In these experiments the rheophore wires 
must be of the greatest tenuity, for reasons that will hereafter appear under 
consideration of Law rx. 

This statement differs from that of Erman, in which he informs us, that 
having equally heated a bar of bismuth, and another of antimony, to 100° or 
111° Fahr., their contact produced 30° of eastern deflection; and also from his 
experiment, in which, by equal reduction of the temperature of both bars, their 


* The term is here used for sake of brevity: under consideration of Law 1x. the exact meaning 
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contact caused western deflection. I conceive that Professor ERMAN was 
misled in these two cases by a circumstance which shall be hereafter noticed. 

It is obvious that, in my trials, the rheophores could not have caused any 
interference ; for they were maintained at the same temperature as the hemi- 
spheres or plates by being exposed to the same atmosphere or the same water, 
and the incapability of the hemispheres to cause deflection proves equally that 
of the rheophores when at the same degree of heat. 

Law V. The first part of this Law (marked 1) may be proved by many 
examples. Ifa hemisphere of antimony and one of nickel, one cold, the other 
hot, be brought into contact, the deflection will scarcely exceed 5°, but attrition 
will send the needle perhaps 60°. The same observation may be made of 
German silver associated with iron. Many other metals might be instanced. 
The Law also holds good with regard to that peculiar kind of carbon which is 
deposited in the interior of old gas retorts: if a large mass of this, which has 
been long heated in boiling water, be brought in contact with a piece of cold 
bismuth, a deflection of about 35° will be produced, but attrition will cause the 
needle to start off 20° or 30° farther. 

The second part of the Law (marked 2) is thus exemplified: when adequately 
hot bismuth (as 200°) is on the zine side, and antimony (below 50°) on the 
silver side, if the metals, without being allowed to remain in contact a moment, 
are at once made to rub against each other at the instant of their first applica- 
tion, there will be a certain amount of eastern deflection; and the needle, 
having attained its maximum, will remain stationary. But let the attrition be 
discontinued, and the contact maintained ; it will be found that the needle will 
proceed still more eastward than before, perhaps to the extent of an additional 
20° or 30°, proving that, in this case, contact was more powerful than attrition, 
both being effected at the same temperatures. Renewed attrition will then 
suddenly reduce the deflection, because the two metals are now somewhat 
nearer to equality of temperature ; contact will again increase it ; and this 
alternation may sometimes be effected several times before the temperatures 
are equalized. It thus appears that the effect of attrition is not to be viewed 
as the mere result of simple contact. 

Laws VI., VIL, VIII. These Laws include facts which appear to me to have 
been misunderstood. As an example, let a hemisphere of bismuth, with its 
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wooden handle, be connected with the zinc side of the galvanometer ; and a 
hemisphere of antimony with the silver side. Both metals being at the tem- 
perature of the air, their natural deflection when rubbed together would be 
western. Ifthe bismuth be now thoroughly heated by being plunged in boil- 
ing water, on withdrawing it, and bringing it in contact with the cold antimony, 
the needle will move eastward ; and while it is thus moving, if the two metals 
be rubbed together, the eastward motion, far from being interrupted, will con- 
tinue until the needle reach perhaps 90°. If the attrition be continued, the 
needle will very slowly pass to zero; and, having reached it, will move on 
perhaps to 80° west, not very far from which it will remain while attrition is 
continued. 

Law VI. The experiment will succeed in a very striking manner with the 
revolving apparatus hereafter to be described. 

The circumstance that during attrition the. needle passes from east to west 
(a change which obtains equally in the case of many other associations of metals) 
has given origin to the belief that attrition always reverses the deflection pro- 
duced by thermo-contact, and that such reversal is a counteracting effect of the 
influence of attrition, as such, on that of contact. It is proper to state, at full 
length, grounds of dissent from this opinion. 

In the instance under consideration, the effect of bringing hot bismuth in 
contact with cold antimony, as above mentioned, is to produce eastern deflection. 
If, after the contact has continued a moment or two, the metals be moderately 
rubbed together, the deflection, instead of being reversed, as a peculiar effect of 
attrition, is continued in the same direction as at first ; at least this is true while 
there is considerable inequality of temperature between the metals, and more so 
when cadmium is substituted for antimony. But in the progress of rubbing, 
the bismuth is reduced in temperature by imparting heat to the antimony: the 
two metals are brought so near equality, one by parting with heat, and the 
other by receiving it, that, in conformity with Law x1v., the natural deflection 
begins to take place, which, when the two metals are respectively stationed at 
the above-mentioned ends of the coil, is western: hence there is a change of 
direction from east to west. (Law v1.) 

In accordance with this view, it will be found that the smaller and fewer 
are the touching points of the two metals applied to each other, the greater 
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will be the eastern deflection, and the more slowly will the needle come round 
to the west; because, in that case, the bismuth points, abundantly supplied 
from the mass, do not lose, and the antimony does not gain heat rapidly. 

When the rubbing surface of the antimony is very small, as a fine point, 
there may be no eastern deflection, because the point immediately assumes 
nearly the same temperature as the hot mass of bismuth, before the inertia of 
the needle can be overcome by the tendency to eastern deflection. If the sur- 
face of the antimony be relatively very large, and the mass considerable, the 
east deflection is trifling, and the inversion rapid ; for the small surface of bis- 
muth is almost immediately cooled nearly to the temperature of the antimony. 
If the bismuth, at a low heat, be rubbed against the cold antimony, there will 
be no eastern deflection ; and therefore there can be no reversal: the deflection 
natural to the metals prevails, because the difference of temperature is not ade- 
quate to overcome that tendency: and hence the needle at once moves to the 
west. 

Thus in such cases, and there are many, attrition, instead of reversing the 
deflection caused by thermo-contact, induces and continues a deflection in the 
same direction, provided the temperature of the heated metal be adequate, and 
maintained. Attrition has nothing to do with the reversal, until, by gradually 
equalizing the temperature of the metals, it permits another Law (xrv.) to 
come into operation, which, it so happens, has a contrary effect to that of unequal 
temperature. In fact, attrition, in this case, instead of causing a reversal of deflec- 
tion, induced by thermo-contact, merely permits by its continuance a restoration 
of a deflective tendency natural to these metals when rubbed against each other, 
their temperatures being at the time equal, or not very different. Even when 
the temperatures are very different, they may not be adequately so: there are 
instances wherein the natural deflective tendency is so strong that it will pre- 
vail. Thus when bismuth and arsenic suffer attrition against each other, unless 
the former be 212°, and the latter below 50°, the eastern deflection will not be 
produced. 

Generally, the deflective energy developed by attrition of two metals, at 
very unequal temperatures, transcends and therefore overpowers the opposite 
deflecting energy which is produced by attrition of the metals when there is 
very little or no difference between their temperatures. But in proportion as 


Producible by Attrition and Contact of Metals. 15 


the inequality of temperature diminishes, the effect of attrition becomes more 
effectual in producing the natural deflection on the opposite side of the magnetic 
meridian, which in some instances is very powerful. 

Numerous cases range themselves under this class of phenomena, in which 
the direction of the needle is thus suffered to reverse itself by attrition. Instead 
of being examples of an active reversal, they are in fact so many instances 
opposing the alleged universality of this effect of attrition. 

In the foregoing experiments I used the hemispheres already described. 
In order to obviate any doubt concerning the interference of the rheophores, 
or the shape of the metals employed, the experiments were varied by laying 
aside the hemispheres, and substituting rods of the two metals, connected with 
the binding screws by means of capillary copper wire. The bismuth rod, con- 
nected with the zinc side of the galvanometer, was totally immersed in hot 
water, along with that part of the copper wire which was attached to one of 
its extremities: the antimony rod, on the silver side, lay on the table at the 
temperature of the air. The end of the bismuth rod, namely, that end which 
was not connected with the copper wire, was raised about an eighth of an inch 
out of the water, by its wooden handle, and the antimony rod, held also by its 
wooden handle, was instantly rubbed against the extremity of the bismuth; there 
was immediate eastern deflection. From the nature of the experiment, the only 
way in which both metals could now be brought to the same temperature, and 
the direction of the deflection changed to the natural state (Law x1v.), was to 
plunge both into the water, the attrition being still continued. This done, the 
needle speedily went round many degrees to the west permanently. 

In this trial, the point of junction of the rheophore wire with the bismuth 
rod was submerged in hot water ; and the other rheophore required no artifi- 
cial means to maintain it at the same temperature as the antimony rod, because 
both were exposed in the open air. Thus the temperature of each rheophore 
and its rod being equal in the respective cases (Law rv.), there could be no 
interference of the rheophores in the deflections produced by the attrition of the 
metals. 

As the Law (vi.) which these trials were intended to illustrate is impor- 
tant to the explanation of several phenomena, I varied the experiment in the 
following manner, in order to discover whether mass, or mode of attrition, has 
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any influence in the result. A wooden wheel four inches diameter, shod with 
a ring of bismuth weighing twelve ounces, was fixed on the axle of the revolv- 
ing machine hereafter to be described. 

In revolving, the bismuth rubbed against the end of a cylinder of antimony, 
and both the metals were connected with the galvanometer by capillary copper 
wires, one of which was so contrived that it did not suffer by twisting as the 
wheel revolved. The ring of bismuth, connected by its rheophore with the 
zine side of the galvanometer, was equally heated by a spirit lamp, while in 
motion, its flat periphery being made to rub against the antimony. The needle 
instantly moved to the east; but as the motion of the wheel was continued, the 
needle came round slowly to the west, and stood permanently at 65°, when the 
antimony became heated nearly to the same degree asthe bismuth. One of the 
rheophores, being bedded in the substance of the bismuth ring, must have been 
at the same temperature as the bismuth: the other rheophore and the antimony 
were similarly circumstanced. Here everything coincided with former trials. 

The next step in the inquiry was to make corresponding experiments with 
various other associations of metals and alloys, in order to discover whether 
their habitudes resemble those of bismuth and antimony. 

The following is a list of some metals which agree. Sometimes the revolv- 
ing wheel was used, sometimes hemispheres, and sometimes plates: — 


Bismuth with antimony. Bismuth with palladium. 
Bismuth with lead. Bismuth with hard amalgam of 
Bismuth with tin. zine and mercury. 

Bismuth with iron. Bismuth with cadmium. 
Bismuth with copper. Bismuth with arsenic. 

Bismuth with German silver. Nickel with brass. 

Bismuth with nickel. Nickel with lead. 

Bismuth with silver. Nickel with iron, 

Bismuth with gold. German silver with tin. 
Bismuth with platinum. 


On the collocation of the metals in the foregoing Table many particulars 
depend, which may be thus classified :— 
1. If the first-named metal of each pair be connected with the zinc side of 
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the galvanometer ; and the second with the silver side ; and if the two metals, 
at the same temperature, be rubbed against each other, the deflection will in all 
cases be west of the magnetic meridian. 

2. If the first-named metal, being on the zinc side, be adequately and equally 
heated throughout its mass, while the second, on the silver side, is adequately 
cooled, either contact or attrition will cause eastern deflection. 

3. If the first-named metal on the zinc side be adequately cooled, and the 
second on the silver side be adequately heated, either contact or attrition will 
cause western deflection. 

4. The converse of the foregoing propositions is, that if the second-named 
metal be connected with the zinc side of the galvanometer, and the first with 
the silver side, attrition against each other, provided they are at the same tem- 
perature, will cause eastern deflection. 

5. If the second-named metal on the zinc side be heated, and the first on 
the silver side be cold, either contact or attrition will cause eastern deflection. 

6. And if the second-named metal on the zinc side be cold, and the first 
on the silver side be heated, contact or attrition will cause western deflection. 

From this arrangement of metals and effects, we can deduce the results of 
attrition and thermo-contact of any particular pair, mentioned in the foregoing 
list, by the aid of the following paradigm. Let bismuth and antimony be taken 
as the representatives of any other pair placed in the same order in relation 
to each other as in the foregoing list. 

A. Bismuth on the zinc side, antimony on the silver side. 

1. The attrition of the two metals when at the same temperature will give 
western deflection. 

2. When the bismuth is hot and the antimony cold, either contact or attri- 
tion will give eastern deflection. 

3. When the bismuth is cold and the antimony hot, either contact or attri- 
tion will give western deflection. 

s. Antimony on the zine side, bismuth on the silver side. 

4. Attrition of the metals when at the same temperature, will give eastern 
deflection. 

5. When the antimony is hot and the bismuth cold, contact or attrition 


will cause eastern deflection. 
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6. When the antimony is cold and the bismuth hot, contact or attrition 
will cause western deflection. 

From this statement it is plain that if the foregoing six conditions were laid 
down for all the associated pairs, that one marked 2 would in each case permit 
the needle to pass from east to west by continued attrition ; and that one 
marked 6 would allow it to change from west to east by the same treatment. 
In all these instances the reversal would, as already explained, be simulated ; 
that is, it would happen merely in consequence of the cooling of the metal to 
so low a degree as to remove it from the operation of the law under which that 
deflection had been produced: it would be a passive not an active reversal 
(Law v1.); and would not arise from any direct opposition of properties between 
contact and attrition. 

It is obvious that the foregoing paradigm can only apply to the associated 
pairs of metals when in each case they are placed relatively to each other as in 
the list. The six conditions apply, for instance, to bismuth and antimony, but 
not to antimony and bismuth: were the order antimony and bismuth, and so in 
the rest, the conditions of simulated reversal would be those marked 3 and 5, in- 
stead of 2 and 6. But other associations may be formed which comport them- 
selves differently from those in the preceding list: in order to make them agree 
with conditions 2 and 6, they must be arranged at the ends of the coil in the order 
given in the following examples, and the temperatures must be reversed. 


Lead with antimony. Copper with antimony. 

Tin with antimony. Copper with iron. 

Tin with iron. Brass with antimony. 
Silver with antimony. Arsenic with antimony. 
German silver with antimony. German silver with arsenic, 
Platinum with antimony. Copper with cadmium. 


1. When the first-named metal of each associated pair is on the zinc side, 
and both are at the same temperature, attrition gives western deflection. 

2. If the first-named metal, being on the zinc side, be cold, the other hot, 
the deflection by contact or attrition is east. 

3. If the first-named metal on the zinc side be hot, the other cold, contact 
or attrition gives west deflection. 
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4, When the rheophores and metals are transposed in the binding screws, 
attrition at equal temperatures will cause east deflection. 

5. If the second-named metal, now on the zinc side, be cold, and the first 
named hot, the deflection will be east. 

6. If the second-named metal, now on the zinc side, be hot, and the first 
cold, the deflection will be west. 

It thus appears that, in conformity with the paradigm, the conditions 2 and 6 
are those under which the simulated reversals would take place; but in 2, the 
first-named metal, being on the zinc side, must be the cold one ; and in 6, the 
second-named metal, being on the zinc side, must be hot, and its associate cold: 
hence the conditions 2 and 6 are reversed with regard to temperature. 

In short, a true reversal could not take place unless attrition and thermo- 
contact were capable of producing opposite effects under the same circum- 
stances of temperature and arrangement of the metals. No instance of this 
kind occurred during numerous experiments. Indeed, it would be surprising 
if opposite effects could result from processes so similar in their nature as con- 
tact and attrition, under circumstances exactly the same. 

There are many associations in which it would be impossible that attrition 
should even simulate a reversal of the effects of contact, no matter in what re- 
lation the metals are placed with regard to each other, or their temperature. 
Thus a third class of metallic associations exists which differs entirely from the 
former two. A number of these shall be adduced, not only as examples, but 
with an ulterior view which will appear hereafter. 


Lead with iron. German silver with zinc. 
Zine with iron. German silver with brass. 
Silver with iron. German silver with copper. 
Platinum with iron. German silver with lead. 
Palladium with iron. German silver with cadmium. 
German silver with iron. Antimony and iron. 

German silver with nickel. Nickel with arsenic. 

German silver with silver. Nickel with antimony. 


The last-mentioned pair of metals is an excellent example of this class, its 
deflections, whether at equal or unequal temperatures, being well marked. 
D2 
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The first-named metal of each pair being on the zine side, and the second 
on the silver side, attrition at equal temperatures will cause western deflection ; 
it will also be western whether the first or second named metal be hot, its asso- 
ciate being cold. And when the rheophores are transposed at the binding 
screws, the deflections will all be eastward, whether the associated metals are at 
the same temperature, or one at a higher temperature than the other, no mat- 
ter which is hot or which is cold. It is therefore obvious that under no cir- 
cumstances of these metals could attrition even simulate a reversal of the de- 
flection caused by contact. 

It is on account of this class of metallic associations that Law xu. is not ex- 
pressed as universal in its application. In the annunciation of that law it is said, 
that “ the deflection will in many cases change to the opposite side,” &c., be- 
cause the associations above described do not so change. Notwithstanding this 
the law may be universal; for it is easy to understand that whatever influence 
the hot metal exerts on the cold one in order to produce a certain deflection, 
the latter when hot may happen to produce the same effect with the former 
metal when cold. 

From all that has been said, it is obvious that if the contact of two metals, at 
unequal temperatures produce deflection in the same direction as that caused 
by their attrition under the same circumstances, and the deflection is on the 
side of the magnetic meridian, opposite to that which the attrition of the metals 
would have occasioned if their temperatures had been equal, then a reversal 
takes place which I have called simulated, because it does not arise from any 
opposition between the effects of contact and attrition, but from one effect su- 
pervening on the cessation or diminution of another. Thus, the reversal is 
passive, not active; and no such phenomenon occurs as an active reversal. 

But when the deflections, produced by attrition and contact of the asso- 
ciated metals at different temperatures, are all the same for the three conditions 
which may take place at each extremity of the galvanometer coil, then even 
simulated reversal is impossible. All this is very plain. 

Law IX. This law is founded on probability and experience, as well as on 
the difficulty of admitting the truth of the common opinion. It is generally 
believed that the mere condition of difference of temperature in the associated 
metals is the cause of the deflections which their contact produces. It appears 
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to me that this opinion has never been established. A persistent temperature 
above or below that of the surrounding media, is never the condition of metals 
brought into contact at unequal temperatures, for the purpose of producing 
deflections; hence we know absolutely nothing of what the result would be if 
they could be presented to each other in such a condition. What we do know 
is, that when deflections are produced by metals at unequal temperatures, the 
colder metal is receiving, and the warmer is parting with heat at that moment; 
that is, the mediate agent in causing deflection is the motion of heat, provided 
.the language be permitted of those who consider heat to be imponderable ele- 
mentary matter which enters into, and passes out of, other kinds of matter. The 
quantity of heat, even although different in the metals, would not be a sufficient 
cause of deflection; for the quantity of heat may be different, yet the thermo- 
metric indication may be the same: and under such circumstances no deflec- 
tion would result. 

Thus quiescent heat, no matter what its amount or difference of quantity, is 
not known to affect metals in such a manner as to produce deflection; and it is 
the entrance or departure of heat, in other words, its motion, that seems to be 
effective. It is not probable that a body, during the process of heating or cool- 
ing, ever remains of the same temperature for one moment of time. Heat, if 
ever stationary in a body, can only be so when that body and all the surround- 
ing media are at the same temperature ; but metals, when in this state of equili- 
brium of heat, do not by contact produce deflection. As soon as heat begins to 
enter or leave either or both unequally, then they are capable of affecting the 
needle ; and although in the foregoing pages I have frequently mentioned the 
efficiency of unequal temperatures, it was for the sake of brevity, and not with 
a view of conveying any opinion different from what has now been explained. 
It will presently appear that the distinction here made is important. 

The following experiments coincide with the preceding views. Take two 
rods of different metals, each about twelve inches long, anda quarter of an inch 
in diameter; antimony with bismuth, or German silver with brass, and many 
other combinations will answer. Tie the rods together at one end with thread, 
so that they shall form the letter V; immerse the tied ends in boiling water to 
the depth of about one-third of the length of the rods, and continue the boiling. 
It is to be presumed that the immersed portions have at length assumed the 
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temperature of the water; yet if the rods be now connected with the galvano- 
meter, there will be immediate deflection, although, by the conditions of Law tv., 
it might be expected that none would follow. This deflection will continue 
until the water has cooled to the temperature of the atmosphere, and then the 
needle will have arrived at zero. During the continuance of the deflection, heat 
was entering both rods of metal, but with different degrees of rapidity, because 
of difference of conducting power, or of the quantity of heat necessary to pro- 
duce the same temperature in both rods, and other causes. As fast as heat en- 
tered, it passed out through the portions of the rods which were not immersed, . 
and was continually dissipated in the air, while new portions entered from the 
water. Hence there was aconstant current of heat passing through the metals, 
and hence they were continually in that condition, whatever it may be, which 
produces deflection, until no more heat could be supplied or put in motion. 

It might appear that, although this experiment supports the law under con- 
sideration, it militates with Lawiv. In fact it might be conceived to prove 
that metals, by being equally heated above the temperature of the surrounding 
media, are capable of causing deflections, as Mr. Erman and others supposed. 
By a little variation of the experiment it will be shown that no such inference 
ought to be drawn. Ifthe two rods, tied as before, be connected with the gal- 
vanometer by capillary copper wire, and one-third plunged in boiling water, it 
will be found, in conformity with what has been just explained, that the deflec- 
tion will continue so long as the temperature is maintained above that of the 
surrounding media. But if the rods, still tied, be entirely submerged in boiling 
water, so that all parts be brought to the same temperature, and no current of 
heat, as it may be expressed, is passing through them, the deflection will in a 
minute or two cease. The needle having arrived at zero will there remain, and 
there will not be the least variation unless circumstances should cause one of 
the rods to change its temperature, such as unequal cooling of the water or 
containing vessel; the most trifling inequality will produce a deflection. 

In these experiments, if, instead of hot water, we use water cooled with ice, 
the converse process will take place, provided the atmosphere at the time is at 
a higher temperature than the cooled water. A deflection will result, but it 
will be on the opposite side of the magnetic meridian ; this will continue until 
the temperature of the metals and water rise to that of the surrounding media, 
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and then the needle will stand at zero. In this case heat from the atmosphere 
enters the portions of metal not covered by water; it is then communicated to, 
and absorbed by the water ; thus, a retrograde current of heat is created, and 
hence the opposite deflection. The transmission of heat by the metals is un- 
equal on account of their unequal conducting powers and capacities. 

It is a consequence of this law that, in general, if two metals in contact, con- 
nected with the galvanometer by capillary rheophores, be equally subjected to 
the action of the same degree of heat or cold throughout their whole mass, as 
by being immersed in hot or cold water, there will be, at first, a deflection, 
which, however, will speedily cease, and the needle will settle at zero; heat was 
either entering or leaving the metals unequally, hence the opposite deflections 
according to the current of the heat; but all deflection will cease when the ca- 
pacities for heat are satisfied. 

These transitory deflections have misled some philosophers into the belief that 
they are produced by an equal elevation or depression of the temperature of 
both metals above or below that of the surrounding media. If I am correct in the 
laws laid down, and I know of no reason to doubt it, a change of temperature, 
equal in both metals, does not impart to them the power of producing deflections ; 
although deflections will occur when the metals are in progress of arriving at 
equality of temperature, but, that point once attained, all deflection ceases. 

Law X. The facts on which this law is founded are very perplexing, so 
difficult is it to disentangle the complications which take place. A few of the 
leading ones only shall be noticed. 

Rods of metals, under certain circumstances, act differently from hemi- 
spheres : the latter produce but one kind of deflection for each mass, at a given 
temperature and at the same end of the coil; the former give an opposite de- 
flection for each end-of the rod dependent on its temperature. Let a rod of 
German silver, eight inches long, and a quarter of an inch in diameter, be con- 
nected by a capillary copper wire to the zinc side of the galvanometer, and a 
similar rod of bright iron to the silver side. If one end of the German silver 
rod, adequately heated by a spirit lamp, be applied or rubbed to the cold iron 
rod, a strong western deflection will result; its cold end would give eastern 
deflection. The contact being continued, let the cold end of the German sil- 
ver rod be slowly heated, the deflection will gradually lessen, and at length 
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become null; the needle will stand at zero, for the polarity has been destroyed. 
Or if the German silver rod had been originally heated throughout equally, as 
in boiling water, there will be no deflection when it is brought in contact with 
the cold iron rod.* If the iron rod on the silver side be heated at one end, its 
contact with the cold German silver rod will cause western deflection, and will 
manifest polarity; but, when it is heated equally throughout, it will be incapa- 
ble of producing deflection. Thus these two metals agree in their incapability 
under the circumstances stated. But if one end of either be hotter than its 
other end, although both be hot, there will be corresponding deflection. 

But this incapability of producing deflection, which arises from equal diffu- 
sion of high temperature throughout the whole rod, is not common to all me- 
tals. With a bismuth rod on the zinc side, and an antimony rod on the silver 
side, if one end of the bismuth be heated, it will, by contact or attrition with 
the cold antimony rod, give western deflection for the hot end, and eastern for 
the cold end. If the whole of the bismuth rod be heated equally throughout, its 
polarity will be destroyed; but the needle, instead of standing still at zero, will 
pass to the east, because the rod no longer acts as such, but as a hemisphere, 
on account of the great natural energy of these metals in thermotribo-electricity. 
The case will not correspond when the rod of antimony is the heated one; for 
whether it be heated at one end only, or throughout its whole extent, its con- 
tact with the cold bismuth will be the same, viz.—eastern deflection on the zinc 
side, and western on the silver side. 

If a bismuth rod, on the zinc side, be heated at one end, and made to act on 
a cold iron rod on the silver side, there will be western deflection; or eastern 
if the heat be equal throughout. But if the iron rod on the silver side, be 
heated at one end only, or equally throughout its whole extent, it will, in either 
case, give western deflection by attrition or contact with the cold bismuth. 

If German silver be substituted for bismuth in the foregoing experiment, 
and a tin rod for the iron, the same application of heat, as before, will produce 
the same deflections; the tin whether hot at one end only, or throughout, will 
impel the needle in the same direction. Corresponding results will be obtained 
with rods of tin and bismuth, or tin and antimony. 


* Attrition will sometimes give 2° or 3° west. 
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When the rods employed are antimony and German silver the case is diffe- 
rent: either rod heated at one end only, and applied to the other cold, will cause 
western deflection. But when the antimony is heated throughout, it gives with 
cold German silver a feeble eastern deflection. 

It is a singular circumstance that if two rods of bismuth be used, one on 
each side of the galvanometer, either rod heated throughout and rubbed to the 
other, will cause an extensive swing of the needle, but if the same rod be heated 
at one end only, it will send the needle in the opposite direction. If two rods 
of antimony be similarly treated, the heated rod, whether it is so partially or 
entirely, will cause eastern deflection by attrition to the other. 

In order to try the effect of bending a rod into a circular form and uniting 
its ends, I caused a thick ring of bismuth to be cast: it weighed twelve ounces; 
its diameter was nearly five inches. This being connected with the zinc side, 
and a mass of antimony with the silver side, it was found that by heating about 
an inch of the bismuth, and rubbing it against the cold antimony, western de- 
flection resulted ; but when the whole ring was equally heated, the same con- 
tact caused the needle to pass to the east. Thus the ring acted in the same 
manner as a rod. 

By comparison of the foregoing experiments it will appear that the deflec- 
tions produced by rods are frequently different from those caused by hemisphe- 
rical masses. The experiments require much circumspection ; many attempts 
may be necessary to obtain true results. The least difference in the heat of the 
two ends of a rod, when they are intended to be equal, will sometimes give a 
false deflection. 

It thus appears to be true, with regard to this law, that metals divide them- 
selves into two classes:—Ist. Those which, when associated with certain other 
metals, give deflections on opposite sides of the magnetic meridian, according as 
they are heated partially or totally. 2nd. Those which do not so comport 
themselves when associated with the former class, but give a deflection on the 
same side of the magnetic meridian, whether they be heated partially or totally. 
The second class of metals only exist as such, so long as they are associated 
with the first: for when associated with each other, they change their charac- 
ter and act similarly to the first class. The existence of the two classes is, 
therefore, not absolute: it is a relative condition subject to the contingent asso- 
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ciation of certain metals. This iron, when associated with bismuth, gives de- 
flection on the same side of the magnetic meridian, whether it be heated 
totally or partially; yet iron becomes amenable to tin; for heated partially, it 
gives a deflection in the opposite direction to that which it causes when it is 
heated throughout its mass. Other instances might be adduced. 

Law XI. Under the consideration of the preceding Law it was shown that 
many metals, when in the form of rods, produce opposite deflections according 
as a part or the whole of the rod has been heated. It is now intended to be 
shown that these deflections may be exhibited under circumstances apparently 
amounting to a contravention of Lawiv. These circumstances have been 
much misunderstood; it has been supposed that by merely elevating the tem- 
perature of two active metals equally, they would produce deflection by con- 
tact; and the following facts apparently support that opinion. 

A wire of German silver one-eighth of an inch in diameter, and four feet in 
length, was connected with one of the binding screws of the galvanometer, 
without any interposed capillary rheophore; a brass wire of the same thickness 
and length was similarly connected with the other binding screw; the farther 
ends of the two wires were tied together with thread. The tied ends were 
then plunged in boiling water, which immediately produced a deflection of 50° 
west. 

The same experiment was made with much thinner wires of these metals, 
with exactly the same results. 

From each of the first-mentioned pair of wires twelve inches were cut off, 
and their ends were connected with the binding screws, in the same order as 
before, by means of capillary copper wires. The two farther ends bent to each 
other were tied together with thread, and about an inch of the ends so tied was 
immersed in boiling water. The deflection was west as before. 

In this state of things the pair of connected wires was suddenly and totally 
immersed in boiling water. The needle passed eastward, thus showing, in 
conformity with what has been explained, Law x., the difference of deflection 
produced by partial and total heating of the metals. Other associations of 
metals were also tried; bismuth and antimony succeeded best. A rod of each, 
twelve inches long, and a quarter of an inch in diameter, was prepared ; they 
were tied together at one end with thread in the form of the letter V; the free 
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ends of the compound piece were connected with the galvanometer by means 
of capillary copper wire. The point of junction of the V was then immersed 
in boiling water to the depth ofan inch; there was an immediate deflection to 
the amount of 90° west. The compound piece was then totally immersed in 
the water; the needle came round to 15° east.* In these cases the rheophores 
were proved not to have had any influence; and chemical action of the water 
was out of the question, as the metals were in strict contact. 

In the enunciation of the Law, it is stated that this deflection, produced by 
total immersion of the associated metals, will be of temporary duration. It 
might appear that the occurrence of any deflection, whether the rods were par- 
tially or totally heated, would be a contradiction of Law tv., for it might be 
supposed that as the two metals were exposed to the same temperature, their 
contact should not cause deflection. But although both metals were exposed 
to the same source of heat, it is a well-known fact that they do not each absorb 
heat in such a manner as to produce equal temperatures in equal times; the 
actual temperature of each metal, owmg to this different influx of heat, is there- 
fore unequal; more or less deflection must consequently ensue; and will con- 
tinue up to the moment when the capacities for heat of the two metals are satis- 
fied, which will be in a longer or shorter time, according to circumstances. 
The metals having then arrived at equality of temperature, the needle will stand 
at zero. Thus, it is plain that between the present Law and the fourth Law 
there is no discordance; all the remaining parts of the former are intelligible 
without further explanation. 

Laws XII. XIII., XIV. need no comment. ; 

Laws XV. and XVI. The consideration of these Laws involves the great 
question of all,—Are the deflections produced by thermo-contact and attrition 


* With some associations of metals it is exceedingly difficult to obtain these results. A rod 
of tin and one of lead require a galvanometer of exquisite susceptibility. Rods of German silver 
and iron are apt to deceive; but by dipping the tied ends into boiling water, taking care to keep 
the remainders cold, and after marking the deflection, removing the tied rods, and leaving them to 
cool perfectly for some hours, and then plunging them, along with the rheophores, suddenly and 
totally into boiling water, the opposite deflection will be obtained, This indeed is the best method 
for all metals. 
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of the same class as those called voltaic? or, in other words, is electricity the 
agent in all these phenomena? 

In the “ Philosophical Magazine” for 1852 I published an essay, in which 
were adduced reasons for believing that electricity is not a simple elementary 
fluid, but a compound of several elementary constituents, one of which is the 
deflecting agent. As soon as I became acquainted with the fact that brisk de- 
flections are producible by attrition of heterogeneous metals, it struck me that, 
perhaps, the power thus developed might be the deflecting agent, either in a 
separate form, or at least in a less complicated state than it usually occurs. 
In order to study this question it was necessary to construct an instrument by 
which the attrition of metals could be carried on energetically, and for a great 
length of time, without much labour. I therefore caused the following appa- 
ratus to be made; it answered also for some of the experiments already 
described. 

A wooden wheel, four feet in diameter, with a winch for turning it, was 
adjusted in a heavy, solid frame. The wheel carried a band which passed 
round a pulley 2°33 inches in diameter, and so mounted in an iron frame that 
by one revolution of the wheel the pulley revolved twenty times. As the 
wheel could be made to revolve once in a second, the pulley would revolve 
twenty times in that period. The axle of the pulley was adjustable to various 
thick, circular plates of wood, the peripheries of which were each shod with a 
large, heavy ring of a different metal, which had been turned in a lathe. A 
socket was placed in such a situation relatively to these rings, that a cylinder 
of a metal, always Of a different kind from that on the circular plate of wood, 
could by the pressure of a spring be made to rub against the metallic ring as 
it revolved. Thus, attrition between any two metals could be effected with the 
greatest rapidity for any required period of time. The socket was lined with 
ivory. On the frame of the machine were affixed two binding screws, one of 
which communicated with the revolving ring of metal, the other with the rub- 
bing metal fixed in its socket. 

My first trial was made on iodide of potassium dissolved in water, with a 
little starch also in the solution. The attrition was between bismuth and 
antimony. With this liquid a small tube was filled, into each end of which 
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was inserted a platinum wire, one sealed in the glass, the other confined by 
means ofacork. The platinum wires being connected with the binding screws, 
the wheel was made to revolve, with great rapidity, during an hour. At the 
end of this time there was not the slightest symptom of decomposition of the 
iodide. I also tried the experiment with turmeric paper moistened with solu- 
tion of iodide of potassium, with no greater effect ; although a current of com- 
mon electricity, which would not have affected the galvanometer, produced a 
brown spot when passed through the wires for a few moments. Other asso- 
ciations of metals had no better success. 

I then made an experiment which, if previously tried, would have shown 
me the impracticability of producing any decomposition by these means; it was 
as follows:—The tube with platinum wires, being cleaned out, was filled with 
salt water, and made a part of the circuit between the bismuth ring and anti- 
mony rubber. The galvanometer was also introduced into the circuit. The 
bismuth ring was now thrown into rapid revolution; but there was not the 
slightest deflection of the needle, although the platinum wires were separated 
from each other only one-fortieth of an inch: even this small extent of salt 
water could not be traversed by the deflecting agent. 

To contrast the easy passage of the ordinary voltaic agent through salt water 
with the impenetrability of this liquid to the deflecting influence generated by 
attrition of metals, I removed the tube containing platinum wires, and substi- 
tuted for it a glass tube forty inches long, filled with salt water, and stopped 
at both ends with corks, through which passed a platinum wire long enough 
to touch the water within. <A zinc and a copper plate, each half an inch square, 
acted on by water containing as much sulphuric acid as imparted to it a scarcely 
discoverable taste, were brought into connexion with the copper wires of the 
long glass tube, in the usual manner ; the galvanometer being included in the 
circuit. The moment the connexions were established, the needle moved 
slowly, and settled at 60°, proving that this deflecting agent traversed 1600 
times the length of liquid, which the other deflecting agent refused to enter at 
all, and perhaps it would have passed through a hundred times even that 
extent. 

To render this result more striking, the last experiment was repeated, 
with the single difference of substituting spring water for water acidulated 
with sulphuric acid. On establishing the connexions, the needle moved 30°: 
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and when distilled water was substituted for spring water, the needle moved 
20°, and stood permanently at 10°. 

Here then is an important difference established between these two agents: 
that one developed by the attrition of metals, far from decomposing chemical 
compounds, is not even conducted by salino-aqueous liquids. It may be said, 
in defence of the hypothesis of identity, that the cause is a difference in quan- 
tity or intensity of the agent concerned in both. But what appears to oppose 
this explanation is, that whatever may be the condition with regard to quantity 
or intensity of this agent which refuses to be conducted by salt water, it is not 
practicable to reduce the voltaic agent to the same condition. I repeated my 
experiment, using a thin wire of zinc and an equal one of copper, in place of 
plates previously employed, the exciting liquid being distilled water. Thus 
the intensity and quantity were reduced to the lowest degree of both that we 
are acquainted with, yet the agent thus brought into operation traversed the 
forty inches of water with ease. 

Although the ring of bismuth rubbing against antimony gave a permanent 
deflection of 75°, which ceased when one-fortieth of an inch of water was inter- 
posed in the circuit, I found that when these two metals were immersed in 
spring water, at the distance of eight inches from each other, a deflection of 4° 
was produced. Here, then, were the same metals, and the same liquid: the 
only difference was that in one case a feeble chemical action was in operation, 
and an agent was in consequence generated which had the faculty of being 
conducted by water several inches in extent ; while, in the other case, an agent 
was produced which was altogether stopped by a drop. 

To ascertain whether the interposition of so small an interval as one-fortieth 
of an inch of water, in the circuit of what is called a thermo-electric couple, 
would intercept the deflecting agent, I made the experiment with hot bismuth 
in contact with cold antimony, and found that the galvanometer was not in the 
least degree affected. This result, instead of supporting the inference which 
I have drawn, might perhaps be used as an argument against it; for it is known 
that a thermo-electric battery will cause chemical decompositions. It may be 
said that it does so because the power is accumulated ; and that if we were 
acquainted with means of accumulating the power of the bismuth ring revolv- 
ing against an antimony rubber, decompositions might be equally effected in 
that manner. This, however, is but the semblance of an opposing argument : 
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if experiment should hereafter prove the possibility of such decompositions, it 
would prove nothing in favour of the identity here disputed ; it is indeed only 
what should follow from the constitution which, in my former essay, I have 
attributed to the electric fluid.* 

There is no observable connexion between the deflection produced by 
chemical action on the two metals, and those caused by their thermo-contact or 
attrition : they are frequently in opposite directions with the same metals, and 
the degrees of deflection effected by these several methods on the same metals 
are very different. Thus the chemical action of spring water on bismuth and 
antimony is so feeble that the deflection may amount to but 4°, when with the 
same galvanometer thermo-contact or attrition of these metals will cause the 
needle to traverse the whole quadrant, or even the whole circle, by a sudden 
impulse. 


ConcLusIon. 


Having now made such observations as seemed necessary on the Laws 
which I conceive to regulate the motions of the magnetic needle, when under 
the influence of the agent developed by thermo-contact and attrition of metals, 
I proceed to consider the question whether these deflections are produced by 
friction as a primary cause, or by the heat which friction generates. On this 
subject a difference of opinion prevails amongst philosophers. Professor Ermay, 
the latest authority, conceived that the deflection “is a mere consequence of 
the heat produced by the action of rubbing.” 

The fact has, I trust, been sufficiently established, in the foregoing pages, 
that there are certain metals which, when rubbed together at equal tempera- 
tures, give a deflection of an opposite kind to that which results from contact 
of the same metals at unequal temperatures. Now if the deflection caused by 
rubbing the metals together at equal temperatures were not produced by fric- 
tion as a primary cause, but secondarily by the heat consequent on that friction, 
why should it take place on the side of the magnetic meridian opposite to that 
on which it would have been had any artificial source of heat been supplied. 
It may no doubt be argued, that as friction develops heat, this heat might be 
unequally divided between the two metals, being absorbed more rapidly by 


* Philosophical Magazine, 1852. 
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one of them in consequence of more ready conduction, or greater capacity, or 
both. But if this were true, it should happen that when these two metals in 
contact are immersed in hot water, the resulting temporary deflection (Law x1.) 
should be on the same side of the magnetic meridian as it would have been had 
the deflection been caused by friction without artificial heat. But on making 
the experiment, it will be found that when bismuth is on the zinc side of the 
galvanometer, and antimony on the silver side, attrition of these metals, when 
at the temperature of the atmosphere, will cause western deflection ; but let 
both in contact be suddenly immersed and rubbed in hot water, and a brisk 
eastern deflection will result, which will continue until both assume the same 
temperature. 

For my own part I think this fact is sufficient to prove that the deflections 
produced by attrition are independent of the heat which attrition is capable of 
developing. There are other considerations tending to the same conclusion. 
Professor Erman observes, that “the point of a needle rubbed against a consi- 
derable heterogeneous mass gives immediately the deviation; and an increase 
of the extent of the surfaces in friction does not appear even to add materially 
to the intensity of electrization.” Are these facts compatible with the belief 
that heat is generated by a scratch of the point of a needle against a large mass 
of another metal in such degree as to excite an instantaneous deflection. The 
friction may be effected under the surface of ice,water, or of boiling water, yet 
the deflection ensues, it being in both cases western, provided the bismuth is 
on the zinc side. If friction of two metals in ice-water, or boiling water (the 
temperature of the metals and water being the same), produce deflection on 
the same side of the magnetic meridian, how is it possible that the heat gene- 
rated by a single rub of these metals against each other in ice-water, or boiling 
water, could excite them by the heat of friction sufficiently to cause a deflec- 
tion; for there was more than sufficient cold or heat present to neutralize, or 
overpower, any momentary inequality of temperature which friction, perhaps, 
of the point of the needle, could occasion. 

That it is friction, and not the heat resulting from friction, which causes 
deflections, is still further countenanced by the fact, that when the attrition of a 
hemisphere of bismuth against one of antimony is conducted under the surface 
of hot water, the deflection frequently takes place rather more slowly, and to a 
less amount, than when it is conducted under the surface of cold water. 
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Were the heat produced by attrition, the cause of the resulting deflections, 
we should expect that when deflection had taken place in consequence of the 
contact of two metals at unequal temperatures, friction, by affording a new 
source of heat, should increase the deflection in the same direction. But the 
contrary result is obtained in a number of instances, for the needle passes off 
in an opposite direction. 

If any additional proof were required on this subject, it may be found in 
the list of metallic associations, constituting the third Table above mentioned. 
These associations seem to prove that the deflections are not produced by the 
heat of attrition determined to or from any particular metal of the pair ; for no 
matter which metal is heated by external means, the needle will be deflected 
in the same direction when attrition or contact is brought into operation. 

In fine, without some violent and gratuitous assumption, it does not seem 
practicable to sustain the opinion that heat is the agent of attrition in produc- 
ing these deflections. The foregoing considerations appear to me to render it 
more probable that they are the result of a peculiar attribute of metals which 
acts independently of heat, although it is occasionally much modified by that 
agent. 

What the ultimate effect of tribothermo-electric phenomena may be on the 
present theory of voltaic electricity is not easy to foresee ; ingenious arguments 
will, perhaps, be contrived to show their compatibility. Hitherto the prevail- 
ing opinion, at least in the British Isles, has been that voltaic electricity can 
only be evolved by chemical agency ; but in tribothermo-electric phenomena 
the agent, whatever it may be, is developed without any chemical action ; can 
it then be the same as that which is efficient in voltaic phenomena ? 

In the foregoing essay it would have been my wish to have reduced the 
number of the Laws by expressing them more generally, or to have comprised 
them, if possible, under one comprehensive Law ; but as they are inductions 
from facts more or less numerous, and sufficiently distinct, I soon discovered 
my inability to express them in a more abstract form without omitting impor- 
tant distinguishing particulars, or rendering their enunciation inconveniently 
complex and intricate. 

The laws of thermo-electricity have been unavoidably mixed up with those 
of tribo-electricity, a consequence of the inseparable nature of the phenomena. 
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ADDENDUM. 


Ir is proper to mention that the metals employed in the foregoing experiments 
were allin their commercial state, it appearing probable that the small quantity 
of foreign matter present in any one of them must be exceedingly small. In 
one case, however, I find that I was mistaken: the purity of the metal, which 
I designated “ nickel,” was rendered doubtful by some observations which I 
subsequently made. At my request it was examined by Professor Apsoun, 
who found that it consisted of nickel, much arsenic, some cobalt, and a little 
sulphur. The compound nature of this substance does not, however, invalidate 
the evidence of the experiments in which it was used. 
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II.—Diseussion of Tidal Observations made by direction of the Royal Irish Aca- 
demy in 1850-51. By the Rev. Samuet Haveuton, M. A., Fellow of Tri- 
nity College, and Professor of Geology in the University of Dublin. 


Read April 24th, 1854. 


PART FIRST. 
THE SOLAR AND LUNAR DIURNAL TIDES ON THE COASTS OF IRELAND. 


IN the autumn of 1850 tidal observations were commenced at twelve stations 
on the coasts of Ireland, under the direction of the Committee of Science of 
the Royal Irish Academy. One of these stations, Kilrush, county of Clare, was 
abandoned shortly after the commencement of the observations, in consequence 
of difficulties experienced in obtaining a sufficiently sheltered position for the 
tide-gauge ; and at another station, Killybegs, county of Donegal, the observations 
made were not of so complete a character as at the remaining ten stations. 

At the request of the Committee of Science, I undertook the task of re- 
ducing and discussing the tidal observations, the reduction of the meteorological 
observations being undertaken by the Rev. Humpnrey Luoyn, whose Notes on 
the Meteorology of Ireland, deduced from those observations, have been re- 
cently published by the Academy. 

The tidal observations made under the direction of the Academy were of 
two distinct kinds :—the first being the observation of all the High and Low 
Waters at each of ten stations, for periods varying from sixteen to twelve 
months ; the second being the observation of complete tides, at intervals of 
fifteen minutes, the tides selected for this purpose being four in each lunation, 
two spring and two neap. ‘These observations were made at eleven stations, 
and, like the former, extend over a period varying from sixteen to twelve 


months. 
FQ 
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These two classes of observations were made for the purpose of throwing 
light upon different questions connected with the laws of the tides, the first 
class of observations being intended to furnish data for the separation of the 
effects of the Sun and Moon in the Diurnal Tide,—a problem not yet solved by 
observation ; the second class of observations being intended to illustrate the 
laws of the Semidiurnal Tide, particularly in the Irish Channel, and to decide the 
true mean height of the water round the coasts of Ireland. 

As the two subjects are quite distinct, I have determined to present the re- 
sults of my discussion of the tidal observations in separate communications to 
the Academy. 

In the present communication I shall give the results of the calculations 
made from the daily observations, with a view to determine the separate effects 
of the Sun and Moon upon the Diurnal Tide. 


Section I—DescripTIon oF THE TIDAL STATIONS, AND OF THE TIDE-GAUGE USED IN THE 
OBSERVATIONS. 


I. CasTLETOWNSEND, county of Cork. Lat. 51° 31’ N.; Long. 9° 7’ W.— 
The zero of the tide-gauge was carefully referred to the iron bolt driven verti- 
cally into the rock in which the Coast-guard signal-staff is secured. 

The zero was 31-91 feet below this bolt. The gauge at this station was 
placed in the open sea, and was held in its place by stays and guys made fast 
to the rock. 

IJ. Caumciveen, county of Kerry. Lat. 51° 57’ N.; Long. 10° 8’ W.— 
The zero of the tide-gauge, which was erected in the north-east angle above the 
bridge, was referred to a provisional bench-mark made on the corner coping- 
stone of the bridge. 

The zero was 23°51 feet below this mark. 

III. Kizrusu, county of Clare. Lat. 52° 38’ N.; Long. 9° 26’ W.—The 
tide-gauge was placed at this station on the sea face of the steam-boat pier, and 
consequently exposed to the gales from the south-west. This was the only posi- 
tion in which it could be placed, and, unfortunately, it was twice washed away 
by the violence of the waves. 

The zero was referred to the copper bolt driven vertically into one of the 
facing stones of the pier, and was found to be 20°59 feet below this bolt. 
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IV. Bunown, county of Galway. Lat. 53° 24’ N. ; Long. 10° 2’ W.—The 
tide-gauge at this station was erected at the inner side of the new pier built for 
the accommodation of fishing-boats, and was well sheltered from the west and 
south-west. 

V. Kitryzecs, county of Donegal. Lat. 54° 38’ N.; Long. 8° 24’ W.— 
Owing to the impossibility of erecting a tide-gauge at this station, in a position 
which would not be left dry at low water, it was determined to dispense with 
the daily observations, and to make the weekly observations with two tide-poles, 
one of which was fixed to the pier near the Coast-guard house, and the other 
on a rock at a short distance from the shore, the latter being used only when 
the base of the pier was dry at low water of spring tides. The correspondence ~ 
of the figures on the two poles was carefully verified. 

The zero of the tide-pole was 18-00 feet below-the coping-stone of the pier 
to which it was fastened. 

VI. Ratumuttany, county of Donegal. Lat. 55° 7’ N. ; Long. 7° 32’ W.— 
The tide-gauge was erected in a sheltered situation, at the inner side of the pier. 

Its zero was 20-20 feet below the upper surface of the corner coping-stone 
at the southern end of the pier. 

VII. Portrusu, county of Antrim. Lat. 55° 12’ N.; Long. 6° 38’ W.— 
The tide-gauge was erected in an angle of the northern pier, close to the spot 
in which the tidal observations were made in 1842. It was referred to the 
copper bolt driven vertically into one of the facing-stones of the quay, and its 
zero was found to be 12°58 feet below this bolt. 

VUIL Cusuenpatt, county of Antrim. Lat. 55° 4’ N.; Long. 6° 4’ W.— 
The tide-gauge at this station was erected on the landward side of the new pier 
in Red Bay. 

The zero of the gauge was referred to the Ordnance bench-mark on the top 
of the wall, at the road side, north of the tunnel above the pier; it was found 
to be 34:74 feet below this mark. 

IX. Donacuaver, county of Down. Lat. 54° 38’ N.; Long. 5° 33’ W.— 
The tide-gauge was erected beside the pier, close to the bolt driven vertically 
into one of the facing-stones of the quay, in a sheltered position, and with deep 
water at the lowest tides. 

The zero of the gauge was 19-80 feet below this bolt. 


38 The Rey. Samuret Haueurton on the Solar and Lunar 


X. Kiyestowy, county of Dublin. Lat. 53° 17’ N.; Long. 6° 8’ W.—The 
gauge was placed in the inner angle of the new harbour, and was well sheltered 
from all points, particularly the north-east, from which direction large waves 
often enter Kingstown Harbour. 

Its zero was referred to the copper bolt in the coping-stone of the pier near 
the water tank, and found to be 18:28 feet below this bolt. 

XI. Courtown, county of Wexford. Lat. 52° 40’ N. ; Long. 6°12’ W.— 
Some difliculty was found at this station in selecting a suitable position for the 
tide-gauge, in consequence of the harbour having become partially filled with 
sand and gravel, forced into it by the sea. The gauge was placed beside the 
wooden landing stage, in the open sea, in rather an exposed position. 

Its zero was found to be 17:13 feet below the copper bolt driven vertically 
into one of the facing-stones of the entrance to the harbour. 

XII. Dunmore (East), county of Waterford. Lat. 52° 8’ N.; Long. 6° 57’ 
W.—The tide-gauge was erected at the inner angle of the harbour, in a very 
sheltered position. 

Its zero was referred to the copper bolt driven vertically into one of the 
facing-stones of the pier, not far from the light-house. It was found to be 17°59 
feet below this bolt. 

The twelve tidal stations just described were established between Septem- 
ber, 1850, and January, 1851, and were each visited twice during the observa- 
tions, by either Dr. Luoyp or myself. In these visits we were assisted by the 
following gentlemen, who rendered valuable assistance by their suggestions, and 
in levelling from the bench-marks to the zero of the gauges:—James APJOHN, 
M. D., Henry Heap, M. D., Rev. Josern A.GALBraitu, JAMES R. Butwer, Esq., 
Watter R. Burwer, Esq., and J. Hancock Haventon, Esq. The time was 
found at each station by means of a vertical gnomon, with a meridian line, the ob- 
servation of which at midday, with the aid of a table of the equation of time 
furnished to each observer, gave the local time with considerable accuracy. 

The tide-gauge consisted of a wooden case, from twenty to twenty-eight 
feet in length, placed in a vertical position, and closed at the bottom, excepting 
a few holes, guarded by copper gauze. The bottom of the case was placed four 
or five feet below low-water mark, and the oscillations of the water outside were 
scarcely sensible within the case. To the top of the case was attached a box, 
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containing a drum, over which was passed a silk cord, terminating at one ex- 
tremity in a wooden float resting on the water, and at the other extremity in a 
small leaden counterpoise. The motion of the water inside the case was com- 
municated by this cord to the drum, which was connected by wheel-work of a 
very simple character with the index-hand of a dial, marked into sixteen feet, 
each divided into tenths. 

These dials, and the annexed wheel-work, were made by Mr. Donpyy, of 
Wicklow-street, Dublin, and worked remarkably well during the whole time of 
being used. In addition to the index-hand traversing the dial, two other hands 
were placed on a separate axle, which were pushed in opposite directions by a 
projection placed on the index-hand, thus registering without observation the 
maximum and minimum heights of the tide. To obtain this registry it was 
only necessary to visit the dial twice during each lunar day, either at half-flood 
or half-ebb; and after a few day’s practice, no difficulty was experienced by the 
observers in recording all the High and Low Waters, with a very slight expendi- 
ture of time. 

The greatest care was taken to secure accurate determinations of the exact 
position of the zero marked outside the case, with reference to the Ordnance 
and other bench-marks, the zero of the dial being made to correspond with 
the zero outside. The gnomons by which the time was observed, were also 
erected with care, and I believe that with good observers the error in time 
would be less than one minute. To the observers themselves, who were all 
selected from the coast-guards at each station, too much praise can scarcely be 
given for the intelligence and patient industry with which they succeeded in 
carrying out the rules for observation, in which they were carefully instructed ; 
and I believe it is not too much to assert, that so far as the observers were con- 
cerned, it would be impossible to have an extensive series of tidal observations 
made with greater care and accuracy. 


Section I].—Meruop or Discussinc THE Datty OBSERVATIONS. 


The daily observations consisted, as already mentioned, of observations of 
all the apparent High and Low Waters occurring each day. These observations 
of height were arranged in order of occurrence, and the Diurnal Tide in height, 
at High and Low Water, calculated from them in the following way. 
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The apparent height of the tide at any moment is made up of several quanti- 
ties, of which the principal are:— 

1. The Semi-diurnal Tide. 

2. The Diurnal Tide. 

3. Tides of long period, depending on the change of position of the Sun and 
Moon, or the Semi-menstrual and Semi-annual Tides. 

4, Elevation or depression of the water, due to slow changes of barometric 
pressure. 

5. Abrupt changes due to wind. 

It is possible, by the following method, to separate in the observed High 
and Low Waters the part due to Diurnal Tide, and abrupt changes due to wind, 
from the first, third, and fourth quantities just mentioned. 

Let hy, he, hs, hs, hs, be five successive High or Low Waters ; the parts of these 
heights due to the first four causes can be represented by sines and cosines. 
Let A cos n@ be the height due to any periodic cause, @ being an arc of fixed 
magnitude, and m a quantity increasing with the time in such a way that it is 
increased by unity in the interval between two High or Low Waters, i. e., in 
about 12" 24™. 

From this definition we have, 


h, =A cos (n—2) ¢, 
h, = A cos (n—1) 4, 
h, =A cos nd, 

hy=A cos (n+1) , 
h; =A cos (n+ 2) @. 


Taking the fourth difference, we have, after some transformations, 
Fourth Difference = h, — 4h, + 6h3 — 4hy +h; =16A cos n¢ sin‘. 


The right-hand member of this equation disappears for all the terms except 
the Diurnal Tide, and the abrupt changes of level caused by wind, which can- 
not be eliminated. In the Semi-diurnal Tide the value of @ is nearly 360°, 
and consequently sin‘S¢ is evanescent. For the tides of long period, such as 
those under the third and fourth heads, it is a very small angle ; for example, 
in the Semi-menstrual Tide @ is about 12° 37’; and, therefore, 
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Fourth Difference 


Se ° Ph a. p 
16A cos n (12° Cy aha (6° 18’) = 0:000145, 


a quantity which is perfectly insensible. 

The slow changes of level due to the slow changes of atmospheric pressure 
will in like manner disappear from the Fourth Difference of the heights at High 
and Low Water, and there remains, therefore, nothing to consider but the Diur- 
nal Tide, and the accidental changes due to sudden variations of wind. The 
latter cannot be eliminated by any process of calculation, as they simply pro- 
duce the effect of making a particular height, or two or three successive heights, 
differ from their true values; they are to be considered as in the same category 
as errors of observation, and so far as they occur they vitiate the observations 
which they affect. 

In the Diurnal Tide, on the contrary, the value of @ is nearly 180°, and, 
therefore, sin* $p is nearly unity ; and consequently, the whole effect of the 
Diurnal Tide remains in the Fourth Difference of the successive heights, or, 


Diurnal Tide = Cie LED = tat Des (1) 


Having arranged the High and Low Waters for the ten stations in regular 
order, I employed two calculators, who were unconnected with each other, 
to calculate the Diurnal Tide for the High and Low Waters following the 
Moon’s southing, from equation (1). These independent calculations were 
then compared, and wherever they differed I repeated the calculation myself, 
and in this manner secured the perfect accuracy of the figures which will be 
given in the Tables of this Memoir. Notwithstanding the accuracy of obser- 
vation obtained by the form of tide-gauge used by us, and the evident care 
of the observers, there are occasional irregularities in these figures, which must 
be attributed to the fifth cause, mentioned in p. 40; and such irregularities 
happened principally during the stormy part of the year, and occasionally on 
the occurrence of isolated storms ; but, on the whole, I believe the observa- 
tions of the Diurnal Tide now presented to the Academy are the most perfect 
that have been ever made on so large a scale, and for such a length of time. 

Having thus eliminated the Diurnal Tide from the observed heights, I con- 
structed the Diurnal Tide at High and Low Water following the Moon’s south- 
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ing, by points, on paper ruled into divisions of tenths of an inch ; on the scale 
of heights, of an inch to the foot; and of time, of five lunar days to the inch. 
After joining the points, a curve was drawn in the usual way, which represented 
geometrically the actual results of observation. These curves were then com- 
pared with other curves constructed from theory in the following way. 

From whatever theory of tides we set out, whether the Equilibrium Theory, 
Laplace’s Dynamical Theory, or Mr. Airy’s Theory of Canal Waves, we arrive 
at the result that the Diurnal Tide is proportional to the product of the sine 
and cosine of the declination of the luminary; and the most general form of 
Diurnal Tide may be deduced from this supposition, combined with the well- 
known fact that the tide does not accompany, but follows, the southing of the 
luminary, and with the hypothesis of the Hydrodynamical Theories, that the 
position of the luminary, corresponding to any tide, is not its actual position, but 
the position it had at a period preceding the period of the tide, by an interval 
called the Age of the tide. We may, therefore, consider the following as the 
most general expression for the height of the Diurnal Tide ; at least it is the 
expression deduced from theory, with which I have compared the observed 
Diurnal Tide: 

D=S sin 2¢ cos (s —i,) + M/ sin 2u cos (m —1,,). (2) 

In this equation— 


D is the height of the Diurnal Tide at the High or Low Water following the 
Moon’s southing, expressed in feet. 

Sand JM are the coefficients, in feet, of the Solar and Lunar Diurnal Tides. 

¢ and yj are the declinations of the Sun and Moon, at a period preceding the 
High and Low Water, by an interval to be determined for each luminary, 
and called the Age of the Solar and Lunar Diurnal Tide. 

s and m are the hour-angles of the Sun and Moon, west of the meridian, at the 
time of High or Low Water. 

1, and 7,, are the Diurnal solitidal and lunitidal intervals, or the time which 
elapses between the Sun’s or Moon’s southing, and the Solar or Lunar Diur- 
nal High Water. 


The right-hand member of equation (2) therefore contains eight quantities, 
of which two only, m and s, are known directly by the observed time of appa- 
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rent High and Low Water. The remaining six, three belonging to the Solar, and 
three to the Lunar Diurnal Tide, are to be determined ; and being found, the 
values of D, calculated from (2), are to be compared with its values deduced 
from observation by means of equation (1). 

The unknown quantities of the Diurnal Tide are, therefore,— 

Ist. The coefficients of Solar and Lunar Tide. 

2nd. The Diurnal solitidal and lunitidal Intervals. 

3rd. The Ages of the Solar and Lunar Tides. 

Of these quantities, one, viz., the Age of the Solar Diurnal Tide, cannot be 
found from observation, because the Sun’s place, or declination, changes so slowly 
that it is a matter of indifference what place we assign to the Sun (within a limit 
of some days) in estimating the amount of the Solar Tide. The other five 
quantities may and have been found from the observations, as I shall presently 
show. 

The constants of equation (2) were found as follows for each of the ten 
Tidal Stations. An inspection of equation (2) shows that the Solar Diurnal 
Tide disappears at the equinoxes (because ¢ = 0, or is very small); hence, the 
equinoctial Diurnal Tide, observed at High and Low Water, was altogether due 
to the Moon, and the Lunar Diurnal Tide was found approximately from the 
equinoctial tides, and constructed on the same abscisse as the observed Diurnal 
Tide. This Lunar Tide constructed from calculation differs considerably from 
the observed Diurnal Tide at the solstices, the difference being due to the Solar 
Diurnal Tide; in this way the Solar Diurnal Tide was in its turn calculated ap- 
proximately from the solstitial tides, and the calculated Solar Tide carefully su- 
perposed upon the Lunar Tide. 

The observed and calculated tides, constructed as just described, were then 
compared both with reference to the maximum heights at High and Low Water, 
both positive and negative, and with reference to the times of vanishing of the 
Diurnal Tide at High and Low Water ; and from this comparison the constants 
used in the construction were corrected, and the heights and times again com- 
pared, until the agreement was as close as the observations would allow. 

The constants thus successively corrected are given at the end of the 
Table of Diurnal Tides, for each station, and the comparison of the observed 
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and calculated tides is also given, so as to afford a very good idea of the degree 
of agreement between the observations and theory. 
The constants of equation (2) are:— 


Lunar Diurnal Tide. 
1. Age of Tide. 


2. Lunitidal Interval =7,. 
3. Coefficient of Lunar Tide = WW. 


Solar Diurnal Tide. 
4. Age of Tide. 
5. Solitidal Interval =7,. 
6. Coefficient of Solar Tide =S. 


These constants were found as follows, from the comparison of the observed 
and calculated tides. 

1. The Age of the Lunar Tide was found from the comparison of the times 
of vanishing of the observed and calculated tides. 

2. The Lunitidal interval, =7,, was found from the equation, 


Range of Lunar Diurnal Tide at High Water 3 
Range of Lunar Diurnal Tide at Low Water’ (3) 


3. The Lunar coefficient, = 1, was found from the equation, 


5 all (Range of Lunar Diurnal Tide at High Water)? 
2M sin 2 (max. value of 7) ae VAs (Range of Lunar Diurnal Tide at Low Water)* (4) 


4. The Age of the Solar Tide was not determined. 

5. The Solitidal interval, =7,, was found from the comparison of the solsti- 
tial intersections of the observed Diurnal Tide with the calculated Lunar Tide. 

6. The Coefficient of the Solar Tide, = 8, was found from the equation,— 


cot (m —in) = 


2,S sin 2 (max. value of ¢) = Maximum Range of Solar Diurnal Tide. (5) 


I shall now proceed to the description of the Diurnal Tide at each Station, 
and the results obtained from the comparison of the observed and calculated 
tides, reserving for the conclusion of this Memoir some general reflections sug- 
gested by the facts observed at the different Stations. 
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Date. 


1851. 
Jan. 13 


Feb. 


Diurnal Tide at 


Diurnal Tide at 


High Water. Low Water. 
6.45 A.M. 
~ 106 
+°218 -131 
- 437 +081 
- 025 +081 
+ 006 + 043 
— "125 +°018 
6 aM. -018 | 1215p. 6 —-062 
— "037 — ‘112 
-'081 +037 
-— 025 +018 
="1.12 — 087 
+7131 —'131 
+°193 ; - 131 
1,15 p.m. +°'181] | 7.30Pp.™. +062 
+°168 — 037 
+075 +°087 
-'031 +°150 
~'075 +193 
-'118 +°125 
-'100 +:012 
600e.«. +°012 - 093 
“000 - "043 
+'243 -'181 
+187 + ‘006 
+100 - "012 
+068 +068 
- 056 +025 
-—°050 | 615 4.™. - "043 
+006 +062 
~ 043 +068 
-'018 - 093 
-'012 - 056 
-'037 - 006 
“000 - 025 
6.15 AM. -°043 | 2.30r.u. ~'037 
-°006 ‘000 
- 031 - 068 
+018 - 181 
+025 --081 
-'118 - 006 
- 012 000 
lpm. -'112 | z730r« --150 
- 031 - "012 
-—-062 +031 


Diurnal Tide at 
High Water. 


— 025 
—°037 
+050 
+°012 
- 062 
—'025 
+°062 
+°056 
+100 
+°087 
- 087 
-*012 
— "081 
—"050 
+075 
+°043 
+°125 
+143 
+°012 
- 018 
-— 081 
+°050 
— 037 
— "062 
-—"081 
— "093 
-'137 
- 093 
- 056 
+081 
+012 
- 012 
— ‘087 
+206 
- 012 
+°031 
-"012 
+006 
+:037 
+068 
+°018 
— 62 
- 043 
+012 
+056 


6.45 P, M. 


5.30 A.M. 


Noon. 


6.45 P.M. 


Diurnal Tide at 
Low Water. 


— 025 
- 062 
- 068 
-'012 
- 037 
- 143 
— 062 
+°025 
+°131 
+031 
— 0938 
- 037 
- ‘075 
‘O75 
025 
‘012 
018 
012 
‘081 
‘018 
037 
‘231 
‘087 
050 
025 
0438 
006 
006 
056 
031 
- 100 
— 231 
+181 
+256 
-'100 
— 087 


5,30 a, M, 


Noon, 


6.30 P.M. 


LPR Ltt HD EE He + 


+018 | 


-'131 
- 043 
+ 037 
+:050 
+025 
+025 
+ 025 

“000 


6.15 A.M. 
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Diurwat Tipe AT CASTLETOWNSEND—continued. 
Diurnal Tide at Diurnal Tide at Dat Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. EES High Water. Low Water. 
|. 1851. 1851. 
| April 16 -'018 —"006 || June 1 000 000 
17 —"125 +050 2 630r mu. +°031 - 043 
18 GAM. —037 | 1215r.. +:'087 3 “000 — 068 
19 +'087 +°081 4 — +293 — ‘037 
20 —°043 +087 5 - 056 +068 
21 = 3 +031 6 -— 043 +031 
22 -'075 +062 q -'218 +°056 
23 +056 +0381 8 —"156 | 64540 +°175 
24 -'081 -—'106 9 +°050 +°025 
25 12.30r.m. —'168 | 7P.™. —"075 10, 11 +°012 +062 
26 —:025 -'112 12 +:006 +018 
27 ~*056 -'075 13 +012 +°025 
28 ‘000 +006 14 —006 -'Bl 
29 +050 — 025 15 -— 037 “000 
30 +°062 —'068 16 —:106 +:056 
May 1 +°012 —'144 17 6304.m. —112 ] wise +°106 
2 +006 000 18 -— 094 +012 
3 | crm. —°012 +°031 19 - 068 +°081 
4 — +225 — 062 20 -— 062 +012 
5 —:137 —'037 21 +056 +006 
6 +:025 +018 22 +031 +037 
7 +031 +081 23° | uso0am -—-062 | caseu. +°143 
8,9 +°018 +'037 24 -018 +°056 
10 +037 | gam. +°012 25 +012 +068 
11 —-012 -°031 26 +°050 +°012 
12 —*100 +081 27 +:137 - 006 
13 000 +'031 28 +°025 == 30) 
14 +043 - 012 29 +018 +°006 
15 — 093 — 006 30 +012 +°018 
16 —°037 +031 || July 1 5.20eM. +°131 ~093 
17 | 6am =:050 | Noon. +118 2 +037 - 006 
18 —:106 +081 3 +050 +031 
ig —°037 +°106 4 +043 +081 
20 —°043 —'012 5 “000 +°025 
21 — 075 —'112 | 6 -031 +°012 
22 — ‘087 -'018 7/ — 006 - 037 
23 — 043 +006 8 -012 — 056 
24 Noon. —‘O81 | 6e.™. —'106 | 9 +'056 | 64540 —'093 
25 —'081 — 037 10 -"050 +°075 
26 -'018 +'018 ll +°025 +'018 
27 -°006 +'050 12 -:012 —- 050 
28 --018 —:006 13, 14 —'050 —°056 
29 -'019 | ‘000 15 5.45 A.M, —'281 | Noon. +062 
30 - 056 -'012 16 —°125 +'050 
31 - 012 —-006 17 — "087 +°056 
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Drurnat TipE at CASTLETOWNSEND—continued. 
Date. Diurnal Tide at Diurnal Tide at Date Diurnal Tide at Diurnal Tide at 
: High Water. Low Water. High Water. Low Water. 
1851. 1851 
Jd uly 18 -031 +306 Sept. 2 +°006 -018 
19 +056 -175 3 ‘000 +°056 
20 -031 +006 4 —"O87 | 5154m. +4°025 
21 +050 +044 5 -'100 - "025 
22 +°087 --019 6 -'081 +156 
23 1.20a.m. +°08] | 5% ™ +006 a -'056 +°037 
24 +112 --043 8 “000 “000 
25 +°056 -'031 9 - 006 - "025 
26 -—'012 - 037 10, 11 -012 —'106 
27 +7100 —:050 12 bam —"012 | 1.304. +050 
28 +162 --031 13 --018 +050 
29 +'187 +100 14 --081 000 
30 6.15 P.M. +087 --018 15 --018 -031 
31 +'081 --006 16 “000 ‘000 
Aug. 1 +050 --031 17 --112 +050 
2 +°068 +012 18 -°050 +°006 
3 +°037 +°050 19 -'031 +050 
4 —:006 +:037 20 1454.m. —'100 | Gr.» - "043 
5 +°012 +:125 21 ‘081 +°206 
6 —"062 | 5454 4-025 22 +°037 +°125 
7 - "093 +018 23 +106 -'143 
8 -112 -025 24 +100 —‘087 
9 —"006 -012 25 =031 - 043 
10 +°087 —°043 26 —012 +°012 
11,12 — "056 --031 27 6.15PM. +:025 +°062 
13 blbam. —'O37 | ut54.m0 +062 28 —-175 +068 
14 +°075 +081 29 +:112 —°200 
15 +'087 +062 30 +075 = {sill 
16 +062 --025 || Oct. 1 +043 —'031 
17 +°012 +°012 2 —'093 —'031 
18 +093 +018 3 —"156 +181 
1G) +'056 +062 4 —168 | %154.m. 4-23] 
20 +018 +093 5 --025 +081 
21 aw. “000 | 52pm. +:068 6 —-068 | =O12 
22 —-012 +:025 Ts —-081 | —-025 
23 -'031 -‘075 8,9 --037 +°043 
24 --031 050 10 | 43000 -087 | iossay, —'006 
25 --068 +062 1] +:031 ae 018 
26 +118 +043 12 “000 +025 
27 +200 -'031 13 +:068 —*043 
28 5.30pm +°043 +037 14 — +125 —050 
29 —°037 +056 15 —-062 | +012 
30 +'006 +068 16 —-037 +062 
31 —'156 +9125 17 —-050 +°025 
Sept. 1 -—'112 —'075 18 +043 +043 
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Divrnat TivE at CASTLETOWNSEND—continued. 
Diurnal Tide at Diurnal Tide at Diurnal Tide at Diurnal Tide at 
iPhves High Water. Low Water. Date. High Water. Low Water. 
1851. | }} 1851 

Oct. 19 +°093 | +'031 || Nov.25 G P.M. --050 —.062 
20 2.45pm. —"043 | 7P.w -093 26 —*087 -012 
21 -'043 | --300 — 27 —*062 —'018 
22 -100 -'143 | 28 —100 -012 
23 —181 | —012 29 —043 +212 
24 000 | -'018 30 “000 +:087 
25 +093 | -"012 | Dec. 1 —'093 +043 
26 -018 —‘068 2 —"050 | 6.15 a.m. +087 
27 | 630re. —'118 +:031 3 --018 +062 
28 -'0938 +'106 4 +018 +081 
29 --050 —'006 i +.037 +118 
39 —"050 —°025 6 -°312 - 043 
31 -050 —081 7 +°006 —:187 
Noy. 1 —"068 +006 8,9 -"050 +143 
2 —068 —*012 10 6 aw -'106 | Noon. —-250 
3 ‘000 | 7a.™. +143 11 -'118 +°056 
4 —"050 +°137 12 +:075 +:068 
5 -"037 —°025 13 +006 +°025 
6 ‘000 +°043 14 +°050 -'025 
7 —"025 +062 15 +°025 -012 
8,9 +012 +018 16 +°075 +031 
10 530am. +4'°012 | 45am. +°075 17 Noon. +°087 | 615e_. —"031 
11 —'106 +012 18 137 —'056 
12 +137 —*050 19 —006 —"137 
13 +'043 —"056 | 20 —018 -031 
14 “000 | +°087 21 —'118 +093 
15 -—'031 +:100 | 22 -~'006 +012 
16 +062 ‘000 | 23 —106 +118 
17 +125 —'056 24 6.15 P. M. —"012 +018 
18 15em, +°O87 | 630r.m. —087 25 : ‘000 -'037 
19 “000 —'168 26 +'287 +012 
20 +'037 | —"062 27 +006 +081 
21 -043 —'018 28 +075 +056 
22 — 025 “000 29 +°043 +°075 

23 -'068 —006 30 

24 —'043 —'087 31 


Having constructed the observations contained in the preceding Tables by 
means of curvés, as described in p. 42, I found it impossible to separate the 
effegts of the Sun and Moon. The tide is so small, and its times of vanishing 
consequently so badly marked, that it was not possible to divide it with any 
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kind of certainty into a Solar and Lunar Tide. J, therefore, supposed the tide 
to be due to the Moon only, and made the following inferences, which I do not 
however, consider as of high value. 

The mean of all the maximum values of the tide at High Water was found 
to be + 0:0885 and — 0:0835, giving an average range at High Water of 0:1720. 

The mean of all the maximum values at Low Water was found to be 
+ 0:0820 and — 0-0906, giving an average range at Low Water of 0-1726. 
If, therefore, A and 1 represent the ranges of Diurnal Tide at High and Low 
Water respectively, we have by equation (2) 


h=2M sin (2 Max. Declination) x cos (m—i,), 
= 2M sin (2 Max. Declination) x cos (90° + m— by); 
and consequently, by equation (3), 


f= cot (m — in). 


Substituting for 4 and / their values we find, 


O1720)_ F > : 0 a 
01796 @ Cot (Mm — tm) = cot (45 6"), 


and converting 45° 6’ into time, we have 

M —tm= 3" 6"; 
but m, at the time of High Water, is the Establishment at Castletownsend ex- 
pressed in local time, and is equal to 4" 17”; therefore 7, =1" 11". 

Equation (4) also gives us the relation 
2M sin (2 Max. Declination) = /724P. 
on ViF+EP 0-234 
= = age = 0368 ft. 

If, therefore, the Diurnal Tide at Castletownsend be supposed wholly due to 
the Moon, it may be expressed by the formula 


D=0°181 sin 3p cos (m— ii (6) 
In this equation, , the Moon’s declination, is to be assumed for a period preceding 
the time of observation; but the length of this period or Age of the Tide could 


not be ascertained in consequence of the irregularity of the times of vanishing. 
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It appears from the preceding investigation, that the maximum effect in rais- 
ing or lowering the sea, produced by the Diurnal Tide at Castletownsend, is, 
0°181 ft. x sin 42°=0°117 ft. = 1:4 inches, 
the total effect both ways being less than three inches ; consequently the water 
will be raised 1-4 in. when the Moon has crossed the meridian 1” 11”, and de- 
pressed by the same amount when the Moon has crossed the lower meridian 
TT 

It is not surprising that it should be difficult to separate such a small effect 
as this into a Solar and Lunar Tide. 


Section [V.—Divrnat Tink at CAHERCIVEEN. 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 
EVE High Water. Low Water. Date. High Water. Low Water. 
1850 1850. 
Oct. 1 5.45 A.M. November 
2 +'100 —*328 1 —'038 —'214 
3 +'228 —"294 | 2 — 039 =114 
4 $125 —'387 3 — 066 —"042 
5 +040 -*500 4 —"205 —'053 
6 +'369 —'372 5 —-120 +043 
Tf +'245 —026 6 —213 +083 
8 5.45 P.M. +°023 —"024 7 5.45pm. —'176 —~-160 
9 —'092 - 017 8,9 —*240 +°303 
10 -'112 +078 10 — 218 +353 
11 -131 +178 ll SPY +378 
12 —'215 +1153 || 12 —'258 +'388 
13 —'255 +144 13 Srila +°321 
14, 15 —'186 | +°215 14 —'110 | 6154™ +4+340 
| 16 -—060 | 71540. +°315 15} _ 058 ++320 
17 —080 +°263 16 4.023 +'310 
18 -"099 +:210 | 17 “036 +°209 
19 +054 +°024 18 “050 +:029 
20 =-037 +024 19 *.479 +024 
21 —'097 +156 20 +238 +073 
22 —090 +019 21 sell BI +141 
23 —056 ~+399 22 530AM. 4-002 | 45am +144 
24 5.30 A. M. +009 | Noon. —*555 23 +:071 —-369 
23 +°022 —'136 24 +310 —"155 
26 +°100 —156 25 —"012 --376 
27 +131 —"244 26 +°054 —-400 
28 +°173 — "344 QT +026 —-439 
29 +076 —'247 28 — 067 —-464 
30 —"030 —-369 29 lpm. +°015 | zr. —"380 
| 31 1.30 P. -—'075 | 745r.™ —'400 30 —003 -"046 
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Driurnat Tine at CAHERCIVEEN—continued. 


Diurnal Tide at 


Diurnal Tide at 


Date. High Water. Low Water. 

1850. 

Dec. 1 —'051 —'028 

2 —'212 —068 

3 —075 +068 

+ -175 +°281 

5 —"275 +°312 

6 5.45 P.M. —*300 +°412 

i -'381 +°412 

8 —"356 +1368 

9 —'356 +356 

10 —"125 +°387 

11 431 +°318 

12, 13 —006 +'537 

14 —'243 | 6154m 4543 

15 —'293 +'281 

16 —"350 +°343 

17 —'100 +'250 

18 -"025 +181 

19 +062 —125 

20 +118 — ‘200 

21 530a.m. +9312 | 1.304. —'287 

22 +206 ="393 

23 +256 -'418 

24 +143 —'381 

25 +:043 —'d81 

26 +:012 -"431 

27 —012 —*418 

28 1230e.m. —"100 | 6452.™ —'250 

29 —'181 —'231 

30 —'243 —'218 

31 = D5 —'018 
1851. 

Jan. 1 +143 +°300 

2 —100 +'250 

3 Bills) +°281 

4 6.15 P. ot. —-400 —100 

5 —"231 +087 

6 ook +431 

iW -400 +°381 

8 —'325 +062 

9 —'100 +°356 

10 —118 +°437 

11,12 +118 +262 

13 +100 | 615a.m +°325 


Diurnal Tide at 
High Water. 


+031 


+306 | 


—"350 
—*381 
+'037 
+:275 
+231 
- +°300 
+175 
—'100 
+:268 
+°231 


5.45 A. M. 


—"031 | 


1.15 P. M. +012 
—'187 
=H 
—-231 
—275 
— ‘280 
="137 
—'218 
—:187 
—-100 
—*212 
—156 
—*162 
= 175 
+:043 
+-062 
+087 
+:050 
+:081 
elas 
+175 
+-387 
+343 
+193 
+175 
+087 
-—'018 
—150 
—'150 
-'150 
—+206 


5.45 Bp. M. 


12.30 P. M. 
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Diurnal Tide at 
Low Water. 


+°256 
+487 
+637 
-018 
—*393 
— "343 
+'243 
—-293 
+206 
+°850 
+'268 
—206 
+156 
+568 
+131 
-018 
+:043 
+093 
+106 
+393 
+293 
+312 
+231 
+406 
++187 
+300 
—"187 
—'056 
—-093 
—-068 
115! 
—-287 
—-462 
—-437 
—*412 
—:306 
—-231 
lei 
=112 
= 112 
—-012 
+075 
+181 
+206 


Noon. 


7.15 P.M. 


4.30 4. M, 


Noon. 


7.15 P.M. 
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Diurnal Tide at 
High Water. 


=025 
+'037 
+:037 
+:093 
—131 
—125 
—'118 
—'143 
—'106 
—056 
—-062 
—'100 
—"100 
-—*050 
— 043 
— 037 
+1025 
+143 
+'125 


5.45 A.M. 


1p.M. 


5.30 P.M. 


+168 
+087 
+087 
—'018 
—031 
—087 
—'143 
—050 
—"056 
-—'118 
=iByf 
—075 
— 075 
—+268 
— +250 
—'012 
—'162 
—"193 
— 106 
— 043 
+:025 
+-068 
+037 
+:087 
+131 


5,30 a. Me 


11.45 a.M. 
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Diurnat TipE AT CAHERCIVEEN— continued. 
i i Diurnal Tide at 
Date. Pah Wate Low Water. Date. 
1851 1851. 
Feb. 28 —100 +225 || Aprill6 
Mar. 1 —168 +'243 17 
2 —"162 +°300 18 
3 —'312 +*200 19 
4 —'225 +'212 20 
5 | 6px. —'225 +137 21 
6 —"256 +075 | 22 
7 =112 +050 | 23 
8 ~106 $212 | 24 
9 —'106 +125 25 
10, 11 —'193 — 100 | 26 
12 =050 | 5154.4. —187 27 
13 ~'143 —293 | 28 
14 +006 — "287 | 29 
15 +056 —387 | 30 
16 +093 | ~425 || May 1 
17 +°325 —175 2 
18 +456 | — 106 3 
19 5.15 4. M. +037 Wisam —'025 4 
20 —'037 — 075 5 
21 +'156 — 006 6 
22 +°093 +143 7 
23 +006 +100 || 8,9 
24 —'112 +'031 10 
25 ~043 +1093 | ll 
26 215rp.u. -—'043 | 645r mu. +°181 | 12 
27 —'056 +268 | 13 
28 —093 +275 | 14 
29 —*231 +'218 | 15 
30 —'268 +'200 16 
| sil -'168 +1143 17 
| April 1 ~ 056 +112 18 
| 2 —"050 +150 19 
| 3 5.30 A. Mt. —'100 +°125 || 20 
4 "125 +093 | 21 
5 —"050 —"037 22 
6 +°025 —'081 | 23 
7 +'037 -'081 24 
8 +062 —'181 25 
9,10 +081 —'300 26 
11 +:012 | 630am. --362 27 
12 —'056 —*268 28 
13 —'093 —*331 29 
14 — 037 —-400 30 
15 —"025 — ‘287 | 31 


+193 


Diurnal Tide at 
Low Water. 


—'256 
—118 
-013 
+175 
+:275 
+:331 
+337 
+393 
+431 
+325 
+:100 
+168 
+200 
+131 
+:050 
+:037 
+ 006 
—'056 
—118 
—+206 
="337 
—-300 
—-468 
="512 
—-450 
— 268 
— 87 
"212 
— 168 
— +025 
+100 
+175 
+-262 
+325 
+-350 
+456 
+406 
+318 
+:287 
+218 
+150 
+068 
+056 
+037 
—"025 


11.45 a. M. 


5.45 A. M. 


11.15 A.M. 


6.15 P.M. 
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Drurnat Tipe av CanerciveEeEN—continued. 


Diurnal Tide at 


Diurnal Tide at | 


High Water. Low Water. || 
} 
i 
+131 —*137 || 
6,30 P.M. +081 —212 || 
+087 —"406 || 
+°200 —475 | 
+:175 462 || 
+037 — 556 | 
— 056 we ATS j 
—'143 | 6304.m. —306 | 
—'150 —168 | 
~ 306 ~306 || 
—'181 — 112} 
—"237 +006 
—"212 +175 || 
--281 +250 | 
5.45 A.M. = 343 11.45 a. M. + 293 I 
— "356 +°331 
— 293 +'343 | 
— 281 +412 
—"231 +868 
—'200 +406 
— 206 +306 
12.15 P.M. -'050 6,15 P.M. +268 
+006 +212 
—'012 +rel12 
+068 +:006 
+143 —-43] 
+187 —'500 
+°206 —181 
+206 —-231 
5.45 P, M. +212 —-28] 
+:218 —'481 
+237 = (le 
+187 — 562 
+150 —-500 
+068 —-425 | 
— O18 | 6.15 4.3. ~+262 
7175 —150 
143 --056 
>:231 +131 
aol. +°231 
7368 +268 
~ 393 +'200 
5.30 A.M. —*318 | U380am 4 318 
~ "356 +°350 
~331 +393 


! 
6S eS EEE EE Eee 


Diurnal Tide at 


Diurnal Tide at 


Date. High Water. Low Water. 
1851. 

July18 | —"256 +306 
19 | —"162 +406 | 
20 —'225 +356 
21 = 137 +325 
22 —018 +268 
23 Noon. + 062 6.15 P.M. =i ‘187 
24 | +037 +1043 
25 | +125 | —"025 
26 +168 | —'150 
27 +°225 | —*206 
28 +143 | ="28] 
29 +°162 —'393 
30 5.30 P. M.. +'168 —-4]2 
31 +212 | —-493 

Aug. 1 +:256 —437 

2 +200 —"368 
3 +162 —312 
4,5 +068 —'200 
6 —"106 | 5am by fs) 
7 —-200 -'081 
8 ayy: 3} +'093 
L —306 +'200 
10 — 306 +'225 
11 215. +'187 
12 —*350 +325 
13 5 AM. —-400 11 A. mw. +°318 
14 ~ +306 +281 
15 — 300 +°287 
16 230 +'318 
17 —:212 +'256 
18 —'162 +'231 
19 — 056 +'250 
20 —006 +118 
21 Wlbam. +-075 | 5.30e.m. -'037 
22 +143 —"125 
23 +112 +256 
24 +075 +368 
25 +012 — 337 
26 | +093 —'400 
27 +:256 —"306 
28 5.15 P. M. +195 —"306 
29 +150 —356 
30 +143 —'337 
31 +118 —-206 
Sept.1,2 +025 --087 


The Rev. Samurt Haucuton on the Solar and Lunar 


Diurnal Tide at 
High Water. 


+:125 
+-087 
+-012 
+-056 
+-100 
--018 
—-043 
-—-012 
—:-137 
—-050 
—-093 
—-187 
137 
—-025 
+-012 
+-025 
—-068 
—-062 


12.45 P.M. 


—-025 
—-012 
—-043 
—-025 
—-031 
+-118 
+-093 
+175 
+-200 
+-125 
+-043 
—-087 
—131 
—-206 
—-106 
—-043 
—125 
-—-187 
—-168 
—+262 
—-268 


12,30 P. M. 


5.30 P.M. 


—"256 . 


—*250 
—168 
—087 
—*062 
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Diurnat Tk At CAHERCIVEEN—continued. 
iurnal Tide at Diurnal Tide at 
Date. ih Water, Low Water. Date. 
1851. 1851. 
Sept. 3 -'093 +000 || Oct.19 
4 —"]62 | 515 4.™. +:075 20 
5 -175 +206 21 
6 —-206 +250 || 22 
7 —+262 +293 |) 23 
8 —'225 +:287 24 
9 —'250 +'256 | 25 
10 —'262 —-037 26 
11 — 256 -—012 27 
12 5AM. —'231 | 1045a.m. 4'281 28 
13 — 268 4156 || 29 
14 —'243 +°150 30 
15 "193 4137 |] 31 
16 —075 4118 || Nov.1,2 
17 =03) +187 3 
18 +000 +050 4 
19 +068 —068 5 
20 454.0. +°093 | Gl5p.m. _'237 6 
21 +100 306 is 
22 +043 —~'306 8 
23 +043 SBEYE 9 
24 +162 ="23) 10 
25 +093 212 11 
26 +075 S187 12 
27 | 530rm 8 =6+:087 —206 13 
28 —'143 —'243 14 
29 — 081 = 212 15 
30 +°043 +181 16 
Oct. 1 E275 +'418 17 
23 —387 +°268 18 
4 —*168 | 6am +°068 19 
5 — 112 +'037 20 
6 — 268 +175 21 
7 +031 +312 22 
8 -—7143 4237 23 
9 —081 +'293 24 
10 —131 +°187 oh 
1l 4.45 A, M. —13] | 10.3040, 4°325 26 
12 —150 +131 27 
13 +:056 +100 28 
14 +081 —012 29, 30 
15 —'106 -'156 || Dec. 1 
16 +043 =231 2 
17 +087 —156 3 
18 +081 —'281 4 


+:000 


Diurnal Tide at 
Low Water. 


-— 493 
—-437 
—'337 
—'212 
—"425 
—'287 
-'231 
—'087 
+006 
+'237 
+293 
+°356 
+150 
+.306 
+312 
+°325 
+293 
+1256 
+175 
+081 
+:093 
+:043 
—"125 
—"137 
—'143 
—'262 
-—'375 
—"381 
—412 
—500 
—493 
='387 
—-368 
—:200 
—-037 
+'137 
+168 
+1293 
+325 
+°393 
+400 
+'368 
+°337 
+°312 
+°293 


7PM. 


6.15 A. M. 


11 A.M. 


6.30 P.M. 


5.30 A. M. 
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Driurnat Tipe aT CAHERCIVEEN-—continued. 


Diurnal Tide at 
High Water. 


+'043 
+'093 
+056 
—'118 
—'187 
+300 
+275 
+287 
+°187 
+106 
+037 
+012 
-'118 
—106 


11.30 A.M, 


cr 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


Low Water. Date. High Water. Low Water. 
| 1851. 
+193 || Dec. 19 —-093 —~-250 
+162 | 20 —'037 —068 
—'112 | 21 — 056 —081 
—'381 22 —'287 —"050 
—'268 23 +1043 | + 206 
Wisa0. — 187 i] 24 5.30 P.M. — 118 +'356 
—250 25 —"287 +°456 
—"281 26 —287 | 4.468 
~"368 27 ~356 4.375 
—'481 || 28 —'293 +'306 
"568 | 29 —-250 4°375 
—'531 30 —175 | 
6 P.M. —'437 31 
—'368 


In discussing the Solar and Lunar 


oP ge ho 


He SO) BO re 


Oo 


Diurnal Tide involved in the preceding 
Tables, by the method described in pp. 42-44, the following results were 
arrived at:— 


I.—Diurnal Tide in Height at High Water. 


Maximum value of Lunar Tide for Positive Heights = 0°15 ft. 
Maximum value of Lunar Tide for Negative Heights = 0°20 ft. 


Age of Lunar Tide = 5¢ 4". 


. Maximum value of Solar Tide = 0°245: 
. Diurnal Solitidal Interval = 3" 28”. 


I.— Diurnal Tide in Height at Low Water. 


Maximum value of Lunar Tide for Positive Heights = 0-23 ft. 
Maximum value of Lunar Tide for Negative Heights = 0°30 ft. 
Maximum value of Solar Tide = 0-245 ft. 


Age of Lunar Tide = 4% 17". 


. Diurnal Solitidal Interval = 3" 28”. 


Adding together the first two of each of the preceding series of values, we 


find 
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Range of Lunar Tide at High Water =h = 0°35 ft. 
Range of Lunar Tide at Low Water =/=0°53 ft. 
Hence, by equation (3), 
0°350 
0°530 


cot (m—%,) = = cot (56° 34’), 


which, converted into time, gives 
. M — in = 8" 54” ; 
but m, the Moon’s Hour-angle at High Water in Caherciveen time is 3" 48”, 
and, therefore, 
te 0 Oe 
By equation (4), we have 
Max. value of 2M sin 2u =4/(0°35)? + (0°53) = 0°635 ft. 

From which we obtain 

M= 0-480 ft. ; 
and since the maximum value of the Solar Tide at High Water is 0:24 ft., we 
have by equation (5), 

Max. value of 2S sin 2o=0°490 ft., 

therefore, 

S=0°335 ft. 
Combining together the preceding results, we have the following Tidal Con- 
stants for Caherciveen:— 


1. Lunitidal Interval = 0" 6”. 

2. Solitidal Interval = 3" 28”. 

3. Age of Lunar Tide at High Water = 54 4". 
Age of Lunar Tide at Low Water = 4" 17". 

4. Lunar Coefficient = 0-480 ft. 

. Solar Coefficient = 0:335 ft. 

6. Ratio of Solar to Lunar coeflicient, 


Cr 


S 
or TT As 698. 


The Solar and Lunar Tides were constructed from the preceding constants, 
and compared with the observed Tides. The results of this comparison are con- 
tained in the following Tables :— 
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CAHERCIVEEN.—TABLE A. 
CoMPARISON OF THE OBSERVED AND CaLcuLATeD DiurnaL TrpeEs at Caherciveen at High Water ; 
Positive Heights for Sixteen Lunations, commencing 1850, October 20" 17" 30", and ending 1852, 
January 1" 11" 54". 


| No. Observed. Calculated. Difference. No. Observed. | Calculated. Difference. 
Feet. Feet. Feet. Feet. | Feet. Feet. 
1 0°14 016 —0°02 9 0°20 0-19 +0°01 
2 0:27 0-20 +0°07 10 0:23 0°30 —0°07 
3 0°23 0-24 -0°01 } Uy 0°24 0°29 -0°05 
4 0:24 0°29 —0:05 12 0°20 | 0-26 —0°05 
5 0:28 0:27 +001 | 13 O18), i s0-19 ~0:06 
6 0:22 0°21 +0°01 14 O11 | 0°09 —0'02 
7 0:08 0:08 0:00 15 0-18 010 +0°08 
8 0-14 0713 +0°01 | 16 0:28 0-21 +0°07 
Mean Difference =— 0-004 ft. | 
| 


CaHERCIVEEN.—TABLE B. 
CoMPARISON OF THE OBSERVED AND CaLcuLaTep DiurnaL Tipes at Caherciveen at High Water ; 
Negative Heights for Sixteen and one-half Lunations commencing 1850, October 7’ 21" 6”, and 
ending 1852, January 1? 11" 54”. 


No. Observed, ~| Calculated. Difference. | No. Observed. Calculated. Difference. 


| 

—— 2H i] 

Feet. Feet. Feet. ] Feet. Feet. Feet. | 

1 0°23 0:22 +0°01 | 10 0-34 0°34 0:00 | 

2 0°24 0:22 +0:02 ll 0:38 0:37 +001 

3 0°35 0-24 +011 12 0°36 0°35 +0°01 
4 0°37 0:37 0:00 | 13 0:27 0°33 -—0:06 

5 0:28 0:35 -007 || 14 0-25 0°16 +009 | 

6 0:26 0°31 —0°05 | 15 0:14 0-12 Po O02 || 
7 0-17 0:27 —0:10 | 16 0:28 0:25 +0°03 
8 0-14 015 -0°01 | 17 0°31 0°34 | -0°03 

9 0-19 0-17 +0°02 | 
Mean Difference = 0:000 ft. 


The following Tables show the comparison of the Observed and Calculated 
Diurnal Tide at Low Water at Caherciveen :— 
VOL. XXIII. I 
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CAHERCIVEEN.— TABLE C. 


CoMPARISON OF THE OBSERVED AND CALCULATED DrurNAL Tipe at Caherciveen at Low Water; Posi- 
tive Heights for Sixteen and one-half Lunations, commencing 1850, October 9% 2* 3", and ending 
1852, January 5? 15" 6”. 


No. Observed. | Calculated. Difference. || No. Observed. Calculated. | Difference. | 
| | 
Feet. Feet. Feet, Feet. Feet. Feet. | 
| 1 0:27 0°30 —0:03 | 10 0-41 0-45 —0°04 
| 2 0-40 0:37 +0°03 fal! 0-40 0-40 0:00 | 
| 3 0-44 0:43 +001 || 12 0:32 0:31 +001 | 
(et 0-41 0-44 —0°03 | 13 0°30 0:27 +0°03 | 
a) 0:35 0°37 —0°02 14 0:28 0:28 0:00 H 
| 6 0:27 0-24 +0°03 | 15 0:32 0°38 —0:06 
Has 0:28 0:27 +001 | 16 0-40 0-43 —0:03 | 
| 8 0:40 0:35 +0:05 17 0:46 0-46 000 | 
9 0°42 0-41 +0:01 | 


Mean Difference = — 0002 ft. 


CAHERCIVEEN,—TABLE D. 


CoMPARISON OF THE OBSERVED AND CALCULATED DiurRNAL TIDE at Caherciveen at Low Water; Ne- 
gative Heights for Sixteen Lunations, commencing 1850, October 24% 0" 0”, and ending 1851, De- 
cember 217 15* 30”. 


| No. Observed. Calculated. Difference. No. Observed. Calculated, Difference. | 
Feet. Feet. fe Feet. Feet. Feet. Feet. | 
| 1 0°36 0-40 -0:04 9 052) aonb -0:04 
1,2 0°55 0°59 —0°04 10 0°63 0:60 +0°03 

3 0-51 0°55 —0°04 ll 0°45 0-46 | —0°01 

4; 0:37 0:46 -0:09 | 12 0:40 038 | +0:02 
| 5 0:43 0°38 +0:05 |) 83 0°32 0°32 0-00 

6 0:36 0°31 +0°05 | 14 0:41 0:37 +0°04 
| %, 0°38 0°36 +0°02 | 15 0:50 0°50 0:00 

8 | 0-49 0-49 0:00 16 0°55 0:52 +003 

Mean Difference =— 0-001 ft. 


The four preceding Tables, A,B, c,D, show the agreement in height between 
the Observed and Calculated Tides at Caherciveen. The following Tables, 
E, F, show the differences of the Observed and Calculated Times of Vanishing 
of the Diurnal Tide, during the sixteen and one-half Lunations of observation. 
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CAHERCIVEEN.—TABLE E. 


D1rrerENceE of Observed and Calculated Times of Vanishing of Diurnal Tide at Caherciveen, at High 
Water, expressed in Lunar Days. 


AcE or Lunar Tine = 5? 4". 


| | 
No. Difference. No. Difference. No. Difference. | No. Difference. 
Days. Days. Days. | Days. 
1 0:00 9 +075 17 0:00 25 +0°85 
2 -1°75 10 0:00 18 -1°50 | 26 —1:25 
3 0:00 1] +175 19 —1:50 | 27 +150 
4 0:00 12 0:00 20 0:00 | 28 0:00 
5 +2°00 13 0:00 21 -0°35 | 29 0-00 
6 -0°75 14 0:00 22/° 0:00 | 30 +0°50 
uf +0°25 15 +2°40 23 0:00 eo —1-:00 
8 +0°90 16 — 3°25 24 —0°50 | 32 +1:00 
Mean Difference = - 0°002 Lunar Days. 
| 


CAHERCIVEEN.—TABLE F. 


DirFeRENcE of Observed and Calculated Times of Vanishing of Diurnal Tide at Caherciveen, at Low 
Water, expressed in Lunar Days. 


AGE oF Lunar TrDE = 47 17”. 


No. Difference. No. Difference. No. Difference. | No. Difference. 
Days. Days. Days. Days. 
1 +0°45 10 —2°05 18 +0°45 26 +095 
2 —0°55 1l -O0°15 19 0-00 | 27 +145 
3 | -0°15 12 -0°95 20 —1:15 28 +0°80 
4 | +0°45 13 —1-'80 21 — 1:40 29 +0°80 
5 | +0°45 14 +0°45 22 -0°40 30 +0°45 
6. +0°70 15 +0°05 23 —0°55 31 +045 
7 +0°45 16 +0°45 24 —0°40 32 —1-05 
8 +1:40 17 +0°45 25 -0:15 33 +0°90 
9 +0°45 
Mean Difference = — 0-003 Lunar Days. 


The agreement between the Observed and Calculated Heights and Times 
shown in the preceding Tables is as close as can be expected in Tidal Obser- 
vations, and indicates the degree of importance which should be attached to the 
Diurnal Tidal Constants at Caherciveen, given in page 56. 

12 
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Section V.—Driurnat Tipe at Bunown. 


60 
Date. Diurnal Tide at Diurnal Tide at 
High Water. Low Water. 
| 1851. 
Jan. 4 5.45 P.M. 

5 —*325 +°443 
6 —"350 +562 
7 — 456 +'368 
8 —"256 +'150 
9, 10 -'050 +587 
11 —181 +475 
12 +068 +'187 
13 +293 | 6304.M. 4+:381 
14 -150 | +275 
15 +:218 | +°325 
16 —-200 | +'268 
17 —168 —'262 
18 +218 —'043 
19 +°443 +162 
20 6.30 A.M. +°312 | 1230p. —-231 
21 +°343 -*506 
22 +381 —'650 
23 +318 —"375 
24 +'237 —-468 
25 +°262 —'231 
26 —256 —"037 
27 lpm. —275 | 75pm = +4°325 
28 -'437 —'100 
29 --406 +:081 
30 —-500 +°225 
31 --431 +°231 
Feb. 1 —:337 +°387 
2 —275 +400 
3 6PM —"325 +1250 
4 — 025 +356 
5 —'168 +°225 
6 —181 | +512 
7 —'187 +°262 
8 —'206 +343 
9, 10 —:262 | +212 
11 -"012 | 6am. +131 
12 +°252 —-018 
13 +°268 —-187 
14 +162 —:237 
15 +°212 —-350 
16 +'237 —-631 
17 +'337 -"700 
18 6AM +°381 | 1230r.m. —-450 
19 +°337 — +369 


Mar. 


27 
28 
] 
2 
3 
4 
5 
6 
7 
8 
9 
10, 11 
12 
13 
14 
15 
16 
17 
18 


Diurnal Tide at 
High Water. 


+°231 
+131 
+043 
—*037 
+°050 
S187 
—"206 
= 287 
—°006 
+1:300 
-018 
—"400 
—'200 
— 306 
—"375 
— 175 
~*043 
—081 
—'162 
—'075 
+'143 
+093 
+°056 
+°050 
+'262 
+'318 
—'218 
—*312 
+°137 
—'081 
+175 
—*381 
—*325 
—"187 
—'144 


1pm. 


6.15 P.M. 


5.30 A.M. 


12.15 P. M. 


-"169 | 


=—"137 
—212 
—'219 
—'206 
—006 
—087 
-"081 
+°025 
+'087 


6 P.M. 


Diurnal Tide at | 
Low Water. 


—"162 
+081 
—'106 
—"125 
- 025 
-—'118 
+'231 
+343 
+°287 | 
+:037 
+:087 
+175 
—‘087 
+168 
+'106 
+'043 | 
+°368 | 
+°125 
—-062 
—'187 
—-406 
—"368 
—+456 
—581 
—-462 
—*250 
—500 
—450 
+050 
+243 | 
—-056 
+°081 
+°450 
+331 | 
+381 
+°387 
+194 
+°412 
+'231 
+018 
+°231 
+206 
+7106 
—118 
-:168 


7.15 P.M. 


11.30 A M. 


6.30 P. M. 
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Driurnat Tiwr at BunowNn—continued. 


Diurnal Tide at 
Wate: High Water. 
1851. 
April 7 +068 
8 +:093 
9, 10 +'143 
11 +012 
12 -"081 
13 -093 
14 —"068 
15 —"100 
16 —062 
17 000 
18 6 AM. —"025 
19 —"025 
20 —'262 
21 —'318 
22 —*300 
23 = "212 
24 ="125 
25 115 P.M. —'037 
26 —'050 
27 +:018 
28 000 
29 —*050 
30 —*043 
May 1 +:031 
2 +:106 
3 5.45 P.M. +143 
4 +'156 
5 +°162 
6 +150 
7 +°268 
8,9 +°081 
10 +018 
11 —075 
12 —"150 
13 —'131 
14 —"162 
15 —'131 
16 —'231 
17 | 545a.m —:275 
18 —*312 
i9 —'312 
20 —'375 
21 —*362 
22 —'231 
23 


Diurnal Tide at 


| 
| Diurnal Tide at 


61 


Diurnal Tide at 


+118 


Low Water. Date. High Water. Low Water. 
1851. 
-"193 || May 24 | Noon. -"056 | 15pm. +°406 
—'262 || an] —-043 | +°450 
- "362 |] 26 000 +'287 
6304.0. —"475 27 +:062 | +175 
-— 531 28 +162 +°137 
—'525 29 | +:150 | +093 
—'431 30 | +'168 -"025 
~331 31 +212 | -"112 
—250 || June 1 +°218 —*300 
—'106 2 615e.m. +°118 | --518 
Wibp.m. +'037 3 +100 — 500 
+'143 4 +'325 —'525 
+056 5 +262 —"550 
—331 6 +°025 -'712 
+°175 7,8 +018 —-693 
+ 500 9 —'100 6.15 aM. —*368 
4412 10 125 —*325 
715em. +4400 ll — 293 —'350 
+150 12 —'206 —'050 
4-281 13 —+387 +150 
+°293 14 -—"381 +212 
+193 15 =O -031 
+°137 16 | Gam —:400 | Noon. 4-218 
+:025 17 —‘487 +281 
— 075 18 ares +456 
—143 19 —°400 +531 
—168 20 —"302 +°506 
—-300 21 20h +556 
—-456 22 =—"231 +431 
— ‘387 23 Noon. —"050 | 6F-™ +331 
—"625 24 056 +°200 
615a.m. —'675 Bs +'162 +162 
—"625 26 +187 +087 
—462 || Pi ks | +°250 | -'031 
ole 28 +318 —°043 
—'212 29 +°268 —'231 
—'118 30 +°300 —"392 
+025 | July 1 65pm. +4°325 — 506 
145a.m. +:'137 2 +:268 -‘618 
+256 3 4+°250 — 575 
+°381 4 +131 - 581 
+°487 | cee | 4+°031 | -—-318 
+462 Giz +012 | —'250 
+°493 8 —'043 | 6am -*350 
+°431 9 —"225 -181 
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Divurnat Tie at BunowNn—continued. 
Diurnal Tide at Diurnal Tide at Diurnal Tide at Di i 
Date. High Water. Low Water. Date High Water. ee 
} 1851. 1851 

July 10 —+293 —-087 |) Aug. 25 +175 _-293 
ll —281 +206 26 +'281 —475 
12 —-406 +293 27 +:287 —-412 
| 13 —*462 +456 98 | 530rm. +°256 —-443 
14 — 493 +293 29 +187 —-450 
15 545a.m.  —'308 | 45am. +°493 30 +:168 — +331 
16 —-456 +506 31 +075 —:187 
| 17 —*525 +450 || Sept. 1 +006 —-087 
| 18 —°443 +°431 2,3 —'075 —-018 
19 —°293 +512 4 —206 | 5l5am. 4-125 
20 —-306 +443 5 —:268 +231 
21 —-237 +418 6 — 337 +325 
22 —012 4325 in . — 368 4-350 
23 Noon +°137 | 6.15 Pm +168 8 —-281 ++350 
| 24 +:175 +:062 9 -—:318 ++362 
25 +°275 —-037 10 —-425 +318 
26 +°318 — 231 11 — 400 +018 
20 +--400 —:287 12 530amM. —'318 | 11380am 4-012 
| 28 +200 —'187 13 —"343 +°225 
| 29 +100 —:193 14 —050 +:137 
30 6PM. +°337 +012 15 —'043 --075 
31 +231 —:212 16 —-093 —-162 
Aug. 1 +237 — 456 17 +:012 +100 
2 +°225 —-268 18 +100 ‘000 
| 3, 4 +°143 —418 19 +:156 —-100 
5 +'031 —+300 20 | Noon. +181 | 630r.m. —.293 
6 —"131 | 6am —:187 21 +:137 —-406 
a —"268 —-031 22 +-100 —-487 
8 —093 +°156 23 +131 —-493 
9 —'137 +-218 24 +300 -—-193 
10 — "450 +318 25 +143 —-056 
11 -431 +331 26 +118 —-100 
12 —'443 +400 27 6PM. +112 —-193 
13 530am. —°443 | 1190am, +°356 28 —-218 —-006 
14 —*456 +°375 29 —'118 —-087 
15 — "225 +:343 30 4-262 4+:375 
16 —275 +°412 || Oct. 1 =212 +-200 
17 —-268 +381 2,3 —-512 —-050 
18 —200 +:293 4 —256 | es0a.m. +°293 
| 19 - 025 +331 5 —‘287 +:287 
| 20 —062 +106 6 —-262 +362 
| 21 iodsam. +°043 | 515e.m. —-068 7 -'118 +:406 
22 +150 S13 8 —-218 +7356 
23 +050 —:256 9 —'131 +387 
24 =*87 — 437 10 —'193 +206 
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Diurnat TIpE AT 


Bunown—continued. 


fon) 
ww 


Date. Diurnal Tide at Diurnal Tide at Date Diurnal Tide at Diurnal Tide at 
Me High Water. Low Water. = High Water. Low Water. 
1851. | 1851. 

Oct.11 | 54m —075 | am.  +4°425 | Nov.21 — 256 ~'387 
12 —'237 +112 22 —*206 —'106 
13 -"081 —-006 23 —*331 +'100 
14 —"162 ~031 24 —*368 +°275 
15 +'200 —'125 | 25 6 P.M. —'337 +°400 
16 +400 —'250 26 —"318 +°437 | 
17 +'193 —'160 27 —'381 +112 
18 +'118 —"331 28 —*350 +°425 
19 +087 —~-606 29, 30 — "331 +'325 
20 12.30r.m. +°131 | 7pm. -'518 Dec. 1 -156 +°425 
21 +162 —*431 2 —"050 | 545a.m. +°437 
22 —'006 —'418 3 — 068 +343 
23 +°031 —437 4 +062 +068 
24 —'018 —'256 5 4-050 +193 
25 —-006 —*200 6 +125 +°312 
26 -"031 —006 | 7 +°050 -'006 
27 (| Glbrm. _*168 +118 8 +:093 —"556 
28 —"056 +°237 9 +418 —‘281 
29 —182 +°287 | 10 blbam. +$°318 | 11154.m. —:056 
30 =8 311! +'343 | i! +256 —*262 
31 +'100 +°318 12 +°368 —*437 

Nov. 1, 2 +°293 +506 | 13 +262 —*487 
3 —"100 | 6454.6. +400 | 14 +'337 —-487 
4 = 0a +°331 | 15 +°243 --518 
5 —'106 +°356 16 +'112 —-400 
6 —‘068 +°287 17 1454.6, —'137 | 615em. . —°431 
1f —"025 +°243 18 —275 —381 
8 +°012 +:200 19 —*200 -—375 
9 +°075 +°043 20 -—"150 —'162 

10 5AM +°018 | am. —'050 21 — 156 +237 
iu +'056 —131 22 — 462 +231 
12 +'162 —200 23 —400 +°250 
13 4°187 —'300 24 6P.m = 212 +437 
14 +'200 —*387 25 — 425 +637 
15 +°300 —456 26 —'450 +:337 
16 +°268 —"575 27 —462 +187 
17 +°125 —643 28 —"325 +425 
18 Noon. —"025 | 630P. uo. —"712 29 —-268 +:493 
19 ~—'056 —'562 30 —162 +418 
20 —'212 —'406 31 
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Separating the Solar and Lunar Tide in the preceding Tables, by the method 
described in pp. 42—44, I obtained the following results :— 
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I—Diurnal Tide in Height at High Water. 


. Maximum value of Lunar Tide for Positive Heights = 0-20 ft. 
_ Maximum value of Lunar Tide for Negative Heights = 0°28 ft. 
. Maximum value of Solar Tide = 0:26 ft. 

. Diurnal Solitidal Interval = 2" 52”. 

. Age of Lunar Tide = 4° 9". 


OG H oF DS 


Il.—Diurnal Tide in Height at Low Water. 
_ Maximum value of Lunar Tide for Positive Heights = 0-30 ft. 
_ Maximum value of Lunar Tide for Negative Heights = 0:40 ft. 
. Maximum value of Solar Tide = 0-25 ft. 
. Diurnal Solitidal Interval = 2" 52”. 
5. Age of Lunar Tide = 4% 9". 
Adding the first two of each of the preceding, we find 


Range of Lunar Tide at High Water = 0°48 ft. 
Range of Lunar Tide at Low Water = 0°70 ft. 


Hence, by equation (3), 


em wn 


cot (m—in ee oom), 
0-70 


or, 
M — im = 3° 47” ; 

but since m, at High Water, is the Moon’s Hour-angle, west of Bunown Meri- 
dian, and is 4" 18”, we find, 

t= OF alee. 

By equation (4), we have 
Max. value of 2M sin on =/ (0-48)? + (0°70)? = 0°848 ft. 

From which we obtain 

M=0°646 ft. ; 
and since the maximum value of the Solar Tide is 0°250 ft., we have by equa- 
tion (5), 

Max. value of 2S sin 26 =0°500 ft., 


and, therefore, 
S=0°342 ft. 


Combining these results, we have as Tide Constants at Bunown:— 
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1. Lunitidal Interval = 0" 31”. 

2. Solitidal Interval = 2" 52”, 

3. Age of Lunar Tide at High Water = 44 9*. 
Age of Lunar Tide at Low Water = 4¢ 9°. 

4. Lunar Coefficient = 0°646 ft. 

. Solar Coefficient = 0:342 ft. 

6. Ratio of Solar to Lunar Coefficient, 


or 


or = = (EE 


The Solar and Lunar Tides at Bunown were constructed from the foregoing 
Constants, and compared with the observed Tides, The results of the compa- 
rison are given in the following Tables :-— 


Bonown.—Tastre A. 


Comparison OF THE OBSERVED AND CALCULATED Diurnat Ties at Bunown at High Water; Posi- 


tive Heights for Thirteen Lunations, commencing 1851, January 10* 16" 42", and ending 1851, 
December 31% 11" 36”. 


No. Observed. Calculated. Difference, No. Observed. Calculated. Difference. 
Feet. Feet. Feet. Feet. Feet. Feet. 

i 0-41 0:39 +002 8 0°36 0°36 0:00 

2 0°38 0°36 +0:02 9 0°25 0°33 -—0°08 

3 0:29 0°25 +004 10 021 0-21 0:00 

4 0712 0-13 —0°01 11 0-16 013 +003 

5 0:20 | 0-20 0:00 12 0°23 0°20 +0°03 

6- 0:23 0-24 -0-01 13 0-31 0:30 +001 | 
if 0°35 + 0°32 +0:03 


Mean Difference = + 0-006 ft. 


Bunown.—Taste B. 


CoMPARISON OF THE OBSERVED AND CatcuLaTeD DivrnaL Ties at Bunown at High Water ; Nega- 


tive Heights for Thirteen Lunations, commencing 1851, January 10° 16" 42”, and ending 1851, 
December 31% 11* 36”. 


No. Observed, Calculated. | Difference, | No. Observed. Calculated. Difference. 

Feet. Feet. Feet. | Feet. Feet. Feet. | 
1 0-45 0-48 — 0°03 8 0-47 0-47 0:00 
2 0:37 0°39 —0:02 9 0:40 0°39 +0°01 
3 0:24 0°31 —0:07 10 0:26 0:26 0:00 
4 0°30 0:24 +0°06 11 014 0-24 -0:10 
5 0:37 0°28 +0°09 12 0°35 0°33 +0°02 
6 0:43 0:40 +0:03 13 0-40 0:44 —0:04 
i 0-49 0:44 +005 


Mean Difference = 0-000 ft. 
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Bunown.—TABteE C, 
CoMPARISON OF THE OBSERVED AND CALCULATED Diurnat Tipes at Bunown at Low Water; Posi- 
tive Heights for Thirteen and a half Lunations, commencing 1851, January 2* 10" 54", and ending 
1852, January 27 17" 39”. 


| No. Observed. Calculated. Difference. No. Observed. | Calculated. Difference. 
| Feet. Feet. Feet. | Feet. Feet. Feet. 
|e) = 050 0°52 0:02 8 0-51 | 0°50 +0-01 

2 | 0:38 0-45 0:07 9 0-41 0°37 +0-04 
13 | 0-23 0°35 0712 10| 0:35 | 0°32 40:03 

4 | 0-40 0°30 40°10 11 040 3©| = 0-38 +007 
| 5 0-40 0°36 40:04 12 0-41 | 0-41 0:00 
a6 0-47 0-48 -0-01 13 0-44 | 050 006 | 
| fais cose 0:55 —0°03 14 0°50 0:52 -002 | 


Mean Difference = — 0-008 ft. in) 


Bunown.—TaB te D. 


CoMPARISON OF THE OBSERVED AND CALCULATED DiurNaL Ties at Bunown at Low Water; Nega- 
tive Heights for Thirteen and a half Lunations, commencing 1851, January 2" 10" 54", and ending 
1852, January 2° 17 39”. 


| No. Observed. Calculated. | Difference. | No. Observed. Calculated. | Difference. 
| Feet. Seeuckocts.oal| Feet. | Feet. Feet. = Feet. 
1 0°50 0°56 | =0'060 ees 0:40 0°50 e016 
2 0°55 0-47 | +0:08 || 9 0°47 0-46 / +001 
3 0-49 0-40 |} +0:09 || 10 0-40 | 0:43 | —0-03 
4 053 0-43 | +010. 21 0:48 0-46 |  +0:02 
| 5 0-66 056 | +010 | 12] 0-60 057 | +003 
6 0°60 0-64 -004 | 13] 050 060 | -o10 
7 0°56 0-62 —0:06 | 
Mean Difference = + 0:003 ft. 


Bunown.—TAabB_e E. 


DirreRENcE of Observed and Calculated Times of Vanishing of Diurnal Tide at Bunown, at High 
Water, expressed in Lunar Days. 


AGE or Lunar Tipe = 4” 9". 


| No. Difference. No. Difference. || No. | Difference. | No. Difference. 
| | Days. ‘ “Days. Days. Days. 
ee! -— 0°25 8 —0°20 | 15 | +0°60 | 21 | +0°80 
| 2 | -—0°20 ih | +0°50 | 16 | —0°20 22 | —0°20 | 
| 3 +160 10 —3:00 17 | +055 23 | +0°65 | 
14 | — 0°20 | 1d — 1-20 18 -—0°45 24 | —1:20 | 
ted +2°75 | 12 | +115 19 —0°25 25 —0°25 

6 |  -020 13) -020 20) -020 |/96| -o%s 
17 | +075 14 025 be i al ee | 

Mean =+0-001 Lunar Days. 
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Bunown.—TaB_e F. 
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DirFERENCcE of Observed and Calculated Times of Vanishing of Diurnal Tide at Bunown, at Low 
Water, expressed in Lunar Days. 


AcE or Lunar Tipe = 4? 9". 


No. Difference. Difference. | No. Difference. No. Difference. 
Days. Days. Days. Days. 

1 -0°83 8 -0°53 | 15 -~0'58 21 +0712 

2 —0:03 9 — 0:28 16 +0°97 22 +037 

3 +0°87 10 +0°37 haa -—0°58 23 —0'08 

4 —0°38 -—0-43 | 18 +0°12 24 -0°48 

5 +062 12 —0°28 | 19 41:27 25 —0°53 

6 +0712 13 —0:28 20 —0:30 26 +0°27 

7 +0°37 14 -0:08 | 

Mean = + 0'003 Lunar Days. : 


From the foregoing Tables it will be seen that there is an excellent general 
agreement between the Observations and the Tides calculated from the Con- 
stants determined in p. 65, and that these may, therefore, be relied on as very 


close approximations to the Constants of the Diurnal Tide at Bunown. 


Section VI.—Drurnat Tink at RatTHMULLAN. 


| Date. Diurnal Tide at Diurnal Tide at es Diurnal Tide at Diurnal Tide at 
High Water. Low Water. ? High Water. Low Water. 
1850. 1850. | 
Nov. 1 Nov. 19 =12 —-543 
2 ) 20 —-456 —1:043 
3 21 —-262 —-025 
4 | 92 | Wi5am —'131 | 120P.m, “000 
5 +143 +025 23 | +300 | +°437 
6 —'181 —"337 |} 24 +243 | +587 
7 | 75pm. —'131 —"568 || 25 +012 ="075 
8 -'531 ="125 |} 26 4°356 —:137 
9 ~350 000 |, 27 4°33] — +343 
10 +1150 —'131 || 28 +°325 — 337 
11, 12 —"493 —'068 29 3 PM +°356 | 915 a.m. —'381 
13 —"762 +:043 30 +231 —-318 
14 —931 | 85am +4°025 | Dee. 1 —-087 —156 
15 —:318 +°081 2 —"125 —-243 
16 —175 +206 3 | -193 +°037 
17 —'518 4+°137 4 —-650 462 
18 — +368 +143 | 5 | —-468 —-456 
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Driurnat Tipe at RaTHMULLAN—continued. 


Date Diurnal Tide at | Diurnal Tide at Date | Diurnal Tide at Diurnal Tide at 
: High Water. Low Water. | 3 High Water. Low Water. 
1850. lee t8hlee | 

Dec. 6 7.30 P.M. = 437 —'212 Jan. 20 | 7.30 a.m. +°281 1.30 P.M. +118 

7 ~-431 —-281 21 +469 +187 

8 | —500 =-187 || 22° | +775 +:162 

9,10 —"543 —'037 | 23 | +543 4+°212 

1 | — "556 --006 24 +287 +037 

12 aes en a +'087 +218 

13 - +7 i 26 | +°206 +°156 

14 2a.M — 843 Sa. M. — 250 | 27 «| 315 em. ae 9.15 P.M. —-262 

15 — "993 — "256 | 28 | —431 —*693 

16 —'162 —-093 ! 29 ~ 281 —'225 

17 —-162 +°231 | 30 —°425 -"037 

18 —443 —-081 31 —400 —-056 

19 Ae fee | Feb. 1 —°350 —037 

20 + +° | 2 — 431 +031 

2 | 7AM. See St esac f eae : 7.15 P.M. cas ="093 

2 + +° — "74. +°275 

23 eer nee 5 —612 +512 

24 +° —05 6 —*743 —125 

25 +7412 — 293 7 — 356 —193 

26 +531 —-193 8 — 562 —181 

27 +412 | —125 9,10 — 493 —:125 

28 | + GS | 8PM. ae | ll = *306 7.45 A.M. —-093 

29 +° = 12 Sulri +:025 

30 000 | +050 13 —+162 —-043 

Syl —"156 +100 14 — +200 —062 

15 +062 —:012 

1851. | } 16 +200 “000 

Jan. 1 | —-200 +1093 | 17 +456 | —-018 

2 343 —-050 | IR beer 4+:568 | 180r.a. +025 

3 — 468 —-312 | 19 +493 +168 

4 | 7em —'293 —+250 20 +525 +:218 

5 | — 543 =-331 | PW +°350 | +543 

6p al ~575 =-331 | 22 +562 4275 

7 3) —631 —-100 | 23.) +081 | +237 

8 —-450 +150 || 24 | —-093 | +112 

9 | = ae sees | 25 2.30 P.M. —]62 | 9rm . +025 

10 —°693 | +618 | 26 —-206 —112 

11,12 | —-487 +200 || a ~ +325 —125 

13 | —406 | w45a.0 +°400 26a —-550 —'243 

+e - ee - ye Mar. 1 | —-400 —112 

5 = —-068 | 2 —"525 —-143 

16 —-418 | —181 | 3 — 1125 —:156 

he eg +168 | +112 | 4 | ~512 4-012 

18 | +168 | —-231 i 5 7.15 P.M. —493 —137 

19 +°331 — 187 | 6 — 343 —"256 
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Drurnat Twe at RatHMuLLAN—continued. 
Diurnal Tide at Diurnal Tide at Diurnal Tide at Diurnal Tide at | 
Date. High Water. Low Water. Date. High Water. Low Water. 
1851. 1851. 
Mar. 7 —162 -156 | April23 ~-481] +081 
8 —468 +056 24 —493 | +156 
9 —"300 +°037 || 25 230e.m.: —'506 | 830r.0. +150 
10, 11 =175 —'087 || 26 —-500 | 000 
12 =031 | 64am —-006 | 27 ~"306 +237 | 
13 —087 —168 || 28 —400 | —012 | 
14 —"025 —'237 29 —331 +019 
15 +156 —'243 || 30 — 293 | —119 | 
16 +°325 --050 || May 1 —:187 | ~018 | 
lyf +°312 —:012 2 —'168 | +012 | 
18 —056 —025 3 7.30 P.M. — 094 | + ‘068 | 
19 G4oe.M = 4°125.| lew. -012 4 +075 — 042 
20 +606 +°225 5 +193 —175 | 
| 21 +°200 —231 | 6 +062 +068 | 
22 — 131 +075 || if +043 —381 | 
23 —"125 +131 | 8,9 4°143 —-400 
24 —'187 --118 | 10 +°O87 | 7.45 4." —°281 
25 —*250 +:168 1l +7443 —806 | 
26 2PM, —'212 | 745r.m. —-018 12 4:337 — 256 
27 —*262 +:043 | 13 +181 —"143 | 
28 —"450 —-093 14 +043 | +025 | 
29 —268 —006 15 —-043 +056 
30 aya -012 16 —256 +075 
31 —"243 -—018 17 7AM. —'256 | 1p. +006 
April 1 —-268 +006 18 --368 —-006 
2 =212 --018 19 —+387 +031 | 
3 7PM. —287 +012 20 --518 +:031 
4 -181 —-025 21 —043 —112 
| 5 —093 —112 22 —-487 +100 
| 6 —056 +°025 23 — 331 +'250 
i +143 +187 24 l4jem. —487 | 75pm. +°243 
8 +:093 +193 25 —-468 -055 
| 9,10 +:043 —075 26 ~-443 -106 
11 +031 | 84 -187 || 27 —162 ~-006 
12 +206 —-275 28 —-193 +°337 
| 13 +150 —"393 29 —162 | +:087 
| 14 +*200 --168 30 = 075 | +018 
15 +162 — 006 31 +012 +:100 
| 16 +087 —043 | June 1 +031 +:200 
Tyg +018 -"025 2 7.30 P.M +112 +:°137 
18 TAM "056 | ior. +4°106 3 +168 —118 
19 — 156 +175 4 +306 -012 
20 —187 +1243 5 +331 -°093 
21 —306 +331 6 +456 --031 
22 —'425 +081 7,8 +468 +200 
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Diurnat Tre at RatHMuLtaNn—continued. 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


| High Water. Low Water. High Water. Low Water. 
1851. | 1851. 

June 9 +031 | sam. —-268 || July 25 -"143 +037 
10 +°325 | —°125 26 +037 +056 
ll +093 | =:075 27 +100 +-081 
12 —112 | +°018 28 +°137 000 
13 —°231 —-162 29 +:293 —:081 
14 —"256 | —200 380 | Zor +7443 —-025 
15 —'518 —081 31 +162 +012 
16 | 75am. "387 | 180r4 -143 || Aug. 1 +°3875 +075 
17 =337 | ~-106 2 +475 4-237 
18 —"212 —*062 3 +512 +°106 
19 =025 | —-056 4,5 +212 —-081 
20 —575 | +081 6 +143 | 754M. —-306 
Bre —618 | +:056 7 =-050 — 125 
22 —-606 —:050 8 — 187 —'143 
93 130r.0. —'606 | z15r.mu +:°037 9 —-493 —-112 
24 | —-612 4062 10 S516 ='237 
25 —-406 +118 11 — 662 — -262 
26 | —'143 +087 12 —"756 — 225 
27 —'043 +168 13 6454.m. —"850 | 1230r.m. —-293 
28 +012 +112 14 —1:062 —-081 
29 +:100 +:087 15 — "743 —-162 
30 +:162 4-068 16 — 637 —:093 

July 1 7.302.M.  +-300 +093 17 —*337 +393 

2 +393 +043 18 —-400 +312 
3 | +°387 +025 19 —'312 +:106 
4 +337 -000 20 —'137 +218 
ig 4°45 _-112 21 12.20p.mM. —"212 | 645e.m.  +4:212 
6,7 +500 +056 22 +006 +,.037 
8 +°443 | 745 4.m. +131 |} 23 +012 +018 
9 +087 —-012 |} 24 +137 +:300 
10 | +031 +:037 25 +187 | -000 
LL — 293 +006 26 +406 +-087 
12°} +275 =a) | 27 +387 +075 
13 +112 —-318 || 28 645 7. M. +450 +:043 | 
14 —031 —-056 29 +400 —+150 
15 | 75au. 481 | bru —-043 || 30 +°406 +-268 
16 — 675 —:131 31 +218 +412 
17 —-668 —-068 || Sept. 1 +193 — 268 
i8 — 556 | +:025 || 243 +081 +043 
19 — 518 —-093 4 —"]25 | 6304.m. +-106 
20 — 481 —-006 5 —"025 — 075 
21 —475 +:062 6 —'162 —-068 
22 S512 | 4062 7 —'256 — 125 
23 2PM. — +350 7 P.M. +-100 8 —°643 +-012 
24 =125 +:068 9 775 —175 
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Driurnat Tir at RaATHMULLAN—continued. 


Diurnal Tide at 
High Water. 


Diurnal Tide at 
High Water. 


7.15 A.M. 


1P.M. 


7 P.M. 


6.30 A.M. 


2.45 P.M. 


-"718 
—"750 
—668 
—'556 
—"525 
—187 
—"125 


—°256 | 


-'150 
—018 
+'118 
+181 
+300 
+°393 
+°412 
+218 
+°350 
+°325 
+'318 
+'381 
=i) 
—531 
—-418 
—:006 
+087 
—'150 
—200 
—'668 
—612 
—'250 
—-406 
—512 
Soy 
—*243 
+131 
—-037 
+118 
+156 
+218 
+:218 
+193 
+318 
+456 
+1387 
+256 


oe = 
HK OCOMARDNUAWHY 


+131 
=]13 
—*‘206 
4481 
_475 
—'d12 
—'156 
—°462 
—'587 
_~'618 
_*556 
_'518 
Seri 
—,500 


—318 | 


= 218 


"050 | 


~"018 
+'062 
+°287 
+°256 


+'300 | 


+°200 
—'143 
+°168 
+°206 
+°025 
— "068 
= 250 
= 28) 
—*475 
—"537 
— 475 
—'618 
—718 
— "525 
— 543 
—"362 
—'168 
— ‘287 
Saltent 
+°394 
+°200 
—"037 
—‘068 


| Diurnal Tide at 
| Low Water. 


+°037 | 
— "043 
+'162 
+°225 
+°412 
+081 
+°356 
8.30 a. M. -131 
+031 
+031 
+025 
—-060 
+-006 | 
-025 
12.15 P. M- +:212 
+512 
+-250 
— 012 
—-243 
—-112 
— +056 | 
— 187 | 
8p. M. — 287 
+400 
+ 200 
—-037 
—"156 | 
—-012 
| 000 
+:031 
+-043 | 
—"250) 
—-062 
—-200 
-012 
830a.m. +°137 
apalleil 
+131 
+150 
| +-193 
| +018 
+350 
+568 
12.30rp.m. +143 
— "025 
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Driurnat Trpe at RATHMULLAN—condtinued. 
= ont ere ed - = 
| oD; Diurnal Tide at Diurnal Tide at Dat Diurnal Tide at Diurnal Tide at 
me High Water. Low Water. ates High Water. Low Water. 
1851. 1851. 
Dec. 12 + 162 +1156 || Dec. 22 —"362 +118 
} 13 +°250 | +°087 | 23 —"312 000 | 
14 +481 +062 24 p45P.M. = —"518 +137 
15 +7493 —:068 25 —606 +018 
16 +°437 | —"168 26 —*550 +012 
17 2PM +°418 | Spm. —'418 27 —"656 —'218 
| 18 +:387 —-406 | 28 —687 ~-218 
| 19 | +'168 —'050 | 29 —643 — 125 
20 | +'118 +200 30 —'518 | 
21 | —"156 | +°025 | 31 
| | | 


From the preceding Tables I obtained, by the method described in pp. 
42—44, the following results :— 


I.—Diurnal Tide at High Water. 


Maximum value of Lunar Tide for Positive Heights = 0°29 ft. 
Maximum value of Lunar Tide for Negative Heights = 0:47 ft. 
Maximum value of Solar Tide = 0°23 ft. 

Diurnal Solitidal Interval = 9" 40”, 

Age of Lunar Tide = 5” 10". 


or oo BO 


IL.— Diurnal Tide at Low Water. 


. Maximum value of Lunar Tide for Positive Heights = 0:13 ft. 
. Maximum value of Lunar Tide for Negative Heights = 0-20 ft. 
. Maximum value of Solar Tide = 0°23 ft. 

. Diurnal Solitidal Interval = 9" 40”. 

. Age of Lunar Tide = 4% 20". 


Cr > oo bo Ft 


Adding together the first two of each of the preceding series of values, we find, 


Range of Lunar Tide at High Water = 076 ft. 
Range of Lunar Tide at Low Water = 0°33 ft. 
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Hence, by equation (3), 
f 0°76 Sena 
cot (m —%,) = 0337 cot (23°.28’), 
which, converted into time, gives 
M —tm = 1" 37": 


but m, the Moon’s Hour-angle at High Water, is, in Rathmullan time, 5" 43”; 
and, therefore, 
dm = 4" 6™. 
By equation (4), we have 


Maximum value of 2M sin 2u = /(0°76)? + (0°33)? = 0°829 ft. 
From which we obtain 
M = 0-632 ft. ; 


and since the maximum value of the Solar Tide is 0:23 ft., we have by equa- 
tion (5), 

Max. value of 2S sin 2c = 0°46 ft., 
and, therefore, 


S=0°315 ft. 


Combining together the preceding results, we obtain the following Diurnal 
Tidal Constants for Rathmullan :— 


1. Lunitidal Interval = 4" 6”. 

2. Solitidal Interval = 9" 40”. 

3. Age of Lunar Tide at High Water =5* 10". 
Age of Lunar Tide at Low Water = 4° 20°. 

4. Lunar Coefficient = 0-632 ft. 

. Solar Coefficient = 0°315 ft. 

6. Ratio of Solar to Lunar Coefficient, 


Or 


or = 0-498. 

The Solar and Lunar Tides were carefully constructed from the preceding 
Constants, and compared with the observed Tides. The results of this compa- 
rison are given in the six following Tables: — 
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RATHMULLAN.—TABLE A, 
CoMPARISON OF THE OBSERVED AND CALCULATED DiurNAL TipEs at Rathmullan at High Water; 
Positive Heights for Fifteen Lunations, commencing 1850, November 54 12" 21", and ending 1851, 
December 22° 10" 45”. 


| No. Observed. Calculated. Difference, No. Observed. Calculated, Difference. 

| Feet. Feet. Feet. Feet. Feet. Feet. 

| 1 0:34 0-42 -—008 9 0°45 0-49 —0°04 
2 0°50 053 | —0'03 10 0°45 0:46 -0°01 
3 0°57 0-49 | +0:08 ll 0-44 0:36 +0:08 
4 0°55 0-43 | +0712 | 12 0-40 031 +0:09 
5 0:32 0-31 +0°01 13 0-40 0:32 +0:08 
6 0:20 031 -O1] 14 0°30 0°39 —0:09 
7 0-40 0°39 +0°01 15 0-44 0.48 —0°04 
8 0-40 0:50 -0:10 

Mean Difference = — 0-002 ft. 


RaTHMULLAN.—TABLE B. 
CoMPARISON OF THE OBSERVED AND CaLcuLATED DiurnaL Tiwes at Rathmullan at High Water; Ne- 


gative Heights for Fifteen and one-half Lunations, commencing 1850, November 5? 12% 21", and 
ending 1852, January 5° 9” 45™. 


No. Observed. Calculated. Difference, No. | Observed. Calculated. Difference. 
Feet. Feet. Feet, Feet. Feet. Feet. 

1 058 061 —0:03 9 0-60 0.67 —0:07 
2 0:70 0:67 +0:03 10 0:60 0°67 -0:07 
3 0°62 0°69 —0:07 11 0°83 0:59 +0:24 
4 0°60 0:67 —0:07 12 0:74 0°52 +022 
5 0-72 051 +0:21 13 0:44 0-51 — 0:07 
6 0:36 0:49 -0:13 14 | 0-57 0:60 —0:03 
7 0:50 0°57 — 0:07 15 062 0:67 —0:05 
8 055 0:64 —0:09 16 0:68 0:67 +0:01 


| Mean Difference = — 0:003 ft. 


RaTHMULtan.—TAs.e C, 
COMPARISON OF THE OBSERVED AND CALCULATED Diurnat Tives at Rathmullan at Low Water; Posi- 


tive Heights for Fifteen Lunations, commencing 1850, November 6° 16" 15", and ending 1851, 
December 21% 4* 30”. 


No. | Observed, Calculated, Difference. No. Observed. Calculated, Difference. 
| Feet. Feet, + Feet. | Feet. aan cr Seca Feet. 
1 0-14 0:09 +0°05 9 0-14 O17 —0:03 
Pf 0-10 015 -0:05 10 O11 0-20 - —9:09 
| 3 0-13 0:19 —0:06 | 11 0-21 0-24 —0-03 
|e 0°26 0-23 | +0:03 12 0-13 0:16 —0°03 
5 0:06 0°18 | -0712 | 13 015 0:16 -—0-01 
6 0:20 0:06 | +014 14 018 0-10 +0°08 
uh 0:21 010 | +0°1] 15 0-19 0:22 —0:03 
| 8 0-10 | 0:10 | 0-00 
| Mean Difference = — 0:008 ft. 
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RatTHMULLAN.—TABLE D. 


CoMPARISON OF THE OBSERVED AND CatcuLaTep DiurnaL Tives at Rathmullan at Low Water; 
Negative Heights for Fifteen and one-half Lunations, commencing 1850, November 6" 16" 15", and 
ending 1852, January 4° 8" 30”. 


No. Observed. Calculated, Difference. No. Observed, Calculated. Difference. | 
Feet. Feet. Feet. | Feet. Feet. Feet. 
1 013 0:07 +0:06 9 0:16 | 0716 0-00 
2 0:40 0-23 +017 10 0714 | 0°24 -0:10 
3 O11 0:20 -0°:09 ll 0:26 | 0:28 } —0°02 
| 4 0710 0°23 -0:13 12 0-20 0°24 -0:04 
| 6 0:20 | 0:23 —0°03 13 0:03 0-14 | -O11 
HG 013 0:20 -0:07 14 0-18 0:09 +009 
U 0:25 0:08 +0717 15 O12 012 0:00 
8 0°30 0-10 +0°20 16 | 0-16 0°23 -—0:07 
| | 
| Mean Difference =+ 0:002 ft. 
| 


The preceding Tables, A,B, c,D, show the agreement in height between the 
Observed and Calculated Tides at Rathmullan. The following Tables, 5, F, 
show the differences between the Observed and Calculated Times of Va- 
nishing, during the fifteen and one-half Lunations. 


RATHMULLAN.—TABLE E, 


DirFERENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Rathmullan, at High 
Water, expressed in Lunar Days. 


AGE oF Lunar Tipe = 5¢ 10". 


No. Difference, No. Difference. No. Difference. No. Difference. 
Days. Days. " Days. Days. 
1 +0°43 9 -1:17 17 —2:07 25 +2:03 
2 +293 10 +1:93 18 +043 26 +163 
3 —1:27 11 -177 19 | +213 27 +0°93 
4 -007 . 12 +0°43 20 +0°43 28 +2°43 
5 +1:37 13 —1:27 21 -177 29 -0°67 
6 —0-93 14 +0°43 22 -0:07 30 -0:67 
7 +2°57 15 —1:57 23 —0:97 31 +1:27 
8 -163 16 +0°43 | 24 -057 
Mean Difference =+0°001 Lunar Days. 
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RATHMULLAN.—TABLE F, 


DirFErEnceE of Observed and Calculated Times of Vanishing of Diurnal Tide at Rathmullan, at Low 
Water, expressed in Lunar Days. 


Ace or Lunar T1pE = 44 20". 


No. Difference. No. Difference. | No. Difference. No. Difference. 
| 

Days. Days. | Days. Days. 
1 -10 9 +0'3 17 Shir 25 -3'7 
2 +274 10 +2°3 | 18 +16 | 26 +0°3 
3 -14 11 +0°3 | 19 +03 | 27 +27 
4 +0°3 12 +03 20 +03 28 -0°7 
5 -0-4 13 +03 21 —-2:2 29 +0°3 
6 +2°3 14 —2°7 22 -1'7 30 +03 
i -37 15 +13 23 -13 31 +10 

| 8 +38 16 +03 24 -07 
| 
Mean Difference =—0°016 Lunar Days. 


Although the agreement between the Observed and Calculated Tides, shown 
by the preceding six Tables, is not so close as in some of the other Stations, yet 
it is sufficiently so to warrant us in relying upon the Tide Constants here de- 
termined, as close approximations to the truth. 


Srcrron VIJ.—Driprnat Tink at Porrrusu. 


Diurnal Tide at Diurnal Tide at Diurnal Ti i ide at 
te High Water. Low Water. Ae High Wate Tae We: 
1850. 1850. 

Noy. 1 +°331 —‘175 || Nov. 21 —"337 +100 
2 +200 +7150 22 730a.m. —*137 | 145r.m. —'087 
3 +162 +:056 | 23 +°218 +'168 
4 +°093 —"243 24 +°193 +°487 
5 4175 000 25 +031 —"137 
6 —'218 —'268 26 +:400 —'275 
7 745p.m. —'275 -081 27 +°325 —*300 
8 -"518 -:068 28 +318 —"337 
9 —*456 —'018 29 3.15 P.M. +350 | 945 p.m. —*331 
10, 11 —-612 +°031 30 +193 — ‘218 
12 - "681 +075 Dec. 1 +081 —"075 
13 — 675 +°137 2 — 056 —143 
14 —*562 | 9am. +'100 3 —-206 +068 
15 —"462 +106 4 —'668 —412 
16 —°381 +187 5 —°450 —*412 
17 — 406 +°050 6 7.20pm. —"475 —+200 
18 —'231 +093 7 —"425 — "243 
19 +°031 +625 8 —487 —"375 
20 —'375 +:018 || 9 —*525 —"287 
| 
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Diurnal Tide at 


Diurnal Tide at 


Date. High Water. Low Water. 
ee Ae 
1850. 
Dee. 10 —'668 +:068 
2 - 581 +068 
13 — 693 +'106 
14 —656 | 85am. —-387 
15 — 406 —181 
16 —'143 +°137 
17 — +262 +:006 
18 —°425. —100 | 
19 —-031 —118 
20 +068 +°212 
21 7.15 A.M. +°375 1.45 P.M. +306 
22 +312 +181 
23 + 393 +187 
24 +181 +°006 
25 +°325 — 468 
26 +537 —'212 
27 + 437 —-218 
28 3 P.M. +006 | 9.30P. —*250 
29 +181 —'237 
30 + ‘187 +081 
31 —:218 +°418 
1851. 
Jan. 1 475 +437 
2 —-418 —"025 
3 d —406 —-300 
4 8 p.m. —'256 —100 
5 —°412 — 212 
(os 47 — 481 — 356 
8 —*550 —'231 
9 —450 =175 
10 — 406 +°362 
11 —612 +118 
12 —-406 +°206 
13 —°387 | 8454.0. +4°512 
14 —518 +:018 
15 —:043 +012 
16 — 362 — 687 
yf +181 —*325 
18 +:237 —°043 
19 +°281 +118 
20 8.15 A.M. +°112 | 230 p.a. +°175 
21 +343 +131 
22 +°825 +°268 
23 +'393 +368 


Date. Diurnal Tide at Diurnal Tide at 
High Water. Low Water. 
1851. | 

Jan. 24 +°256 +°112 
25 +156 +°218 | 
26 +:137 | +112 
27 415 em. —'156 | 9.30e.m. —+200 
28 = 162) | —"700 | 
29 —068 —'337 | 
30 ="212 | —"225 | 
31 —'306 | -'131 

Feb. 1 —-318 —081 

2 —+393 | —*037 
3 7.30 P.M. — 518 —118 
4 — 637 | +150 | 
5 ~-600 | +°256 | 
6 —:743 | —112 
7 —+356 —'150 | 
8 —118 —'118 | 
9, 10 --456 | —137 | 
ll —"106 | 9154.0.  --093 | 
12 —-006 “000 
13 —-143 --081 
14 —+125 --062 | 
15 +068 +068 | 
16 +-212 —081 | 
17 +400 +062 
18 7.30 A.M. +518 2Pp.M. +°375 | 
19 +°412 +°356 
20 +312 +331 
21 +:218 +°300 
22 +-162 +°212 
23 +075 +112 
24 +006 +°062 
25 415pm. —150 | 945p.0. —-025 
26 —175 —'156 
27 —-293 —'168 
28 —-468 —'218 

Mar. 1 —-400 —'243 
2 —*356 —218 
3 —-306 —~193 
4 —"281 +062 
a 8 P.M. —'518 —:150 
6 . —-262 —-243 
7 — 043 —"125 
8 —'306 “000 
9 =-293 +'006 

10, 11 —275 —"206 
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Diurwnat Trpk at PortrusH—continued. 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


Date High Water. Low Water. High Water. Low Water. 
1851. 

March —418 +068 
12 +°012 | 345 4.m. —'293 —°350 —-006 
13 +7050 —'287 —"412 —'018 | 
14 +143 —'200 —'243 +°087 
15 +°250 —-206 —'237 +006 
16 +'218 —-100 —'156 +:068 
17 4+:256 +062 75r.m. —'293 +°056 
18 —*006 +068 -—131 +062 
19 7 A.M +°162 | 1.302. m. —'093 +°037 +137 
20 +525 +500 +°037 +'050 
21 +093 +393 +'037 =i 5ii/ 
22 — 106 +193 +087 —125 
23 —118 +'206 +'187 —418 
24 -'037 +212 +°368 | 9154.m. —'206 
25 —'093 +°368 +°425 —-106 
26 | ss0a.m. —'312 | 945rma  4:°075 +237 —'181 
27 — 262 +:125 +156 —093 
28 -"381 —'037 +062 +'056 
29 —*256 +012 —'031 +106 
30 —°350 —-162 — 137 -000 
31 =—"320 -:075 7 A.M. —175 | 17™. —'100 

April 1 —*250 +025 —'275 —-006 
2 -"175 +:075 —'256 —-006 
3 7PM. —*356 +012 —'337 —:025 
4 —-206 —-087 —"606 —106 
5 -—131 —-056 —'525 +:043 
6 —-093 +006 —"562 +°125 
U —075 —-025 330Pr.m. —"487 | 830e.m. +°112 
8 +°025 —*093 —"425 +'087 

9,10 +156 —-268 —*506 —-075 
11 +°225 | 9154.0. —*337 —'"343 | —075 
12 +'243 =262 —-262 | +037 
13 +131 —-318 ="231 | +7100 
14 +7168 | —187 —193 +°043 | 
15 +193 | --056 100 | +:093 
16 4+°137 | —-006 +'018 ++200 
17 -081 +:031 2 | 8pm. +°012 | +:287 
18 715 A.M. —100 | 1454.™. +-068 3 +°187 | -018 | 
19 —'168 4/206 4 +°331 +°037 | 
20 -"100 | +°225 5 +°243 —°093 
21 —-243 | « +°325 6 41337 —-268 
22 ~-462 | +100 7,8 +°312 +093 
23 —-431 | +:118 9 4°050 | 9154.9.  —'300 
24 ~-418 4-262 10 4337 —-087 
25 | 4rm —-462 | 91pm 4-200 11 +168 -031 
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Date. 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


High Water. Low Water. High Water. Low Water. | 
—_ — —_——— ~ — ! 
1851. 1851 | 
June 12 —'112 +012 |) July 28 +'056 +1006 
13 —'318 -112 29 +°325 +100 
14 —*306 —*043 | 30 75pm. +°331 | +250 
15 -518 -'118 31 +°331 ee 
16 730a.m. —337 | 2pm —'212 || Aug. 1 +468 +200 | 
17 +337 +106 2 +400 +°312 | 
18 +031 - "043 3 +337 | +118 | 
19 —-418 -'118 4,5 +°218 —050 
20 ~612 -006 6 +'193 | ss0a0, —137 
21 —-600 +'087 7 +025 ~-093 | 
22 —d81 - 093 8 —*250 -'131 
23 | aisem —‘612 | 8a0r.m. —'062 9 ~437 --131 | 
24 --456 --043 10 — 537 | —-256 | 
25 —'318 +018 11 —*562 —*262 
26 -"150 —'018 12 =506 — "293 
27 —-037 +°043 13 7AM. —525 | 1pm. —*350 
28 +012 +118 14 —-493 -—218 
29 +043 +106 15 — 443 +°112 
30 +156 +206 16 —"462 —"175 
July 1 8p.M. +°456 +'300 17 —-293 —162 
2 +°625 +150 18 — "350 — "093 
3 +3862 +°112 19 —'331 +062 
4 +°387 +°056 20 —475 +037 
5 +418 — "087 21 215pm. —118 | 845e'm. +°175 
6,7 +487 = illi2 22 +°137 +050 
8 +°487 | 94m —'137 23 +°156 -081 
9 +150 —'062 24 +112 —"093 
10 +050 —"075 25 +°075 —'075 
11 — 312 +081 26 +'200 —*006 
12 —-456 000 27 +°256 +-206 
13 —"575 -—"181 28 7 P.M. +°375 +°462 
14 —381 —'093 29 4+°237 +312 
15 75am. —"O31 | 115nm —'168 | 30 +°312 +°325 
16 —-456 —*300 31 +°193 +200 
17 — 543 "337 | Sept. 1 +7068 +093 
18 —-425 —'256 2,3 +°075 +087 
19 —512 —'143 4 +°025 | 8304.0. —"006 
20 —*556 ~"081 5 —'137 —"237 
21 — 493 —'018 6 — "187 —"062 
22 —-500 +075 if -'481 — "093 
23 | 315r.m. 425 | ga5pm. +°025 8 —"618 —"281 
24 — 275 +'031 9 —"925 — 187 
25 —"212 ‘000 10 —"725 —*243 
26 —"025 —'050 11 — "587 —-250 
27 +025 —"025 12 TAM. =—"556 | tr. —'250 
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We eae Diurnal Tide at Diurnal Tide at 
High Water. Low Water. 
1851. 
Sept. 13 —"475 —231 
| 14 —412 —'156 
15 Sil. —106 
| 16 — "256 —"006 || 
17 —193 +°025 
18 —-162 +031 
19 —°025 —'037 
20 3.15 P. M. +°037 | 915 P.M. —181 
21 +093 —'275 
22 +°293 —'218 
23 +287 —"050 
24 +°281 +°206 
25 +068 +018 
26 +°325 +093 
27 7.30 P. M. +°293 +°181 
28 +:156 +7200 
29 +206 +062 
30 — 262 — "625 
| Oct. 1 — "431 - "106 
253 = Spi! —031 
4 +°018 | s45a.m. +7106 
5 —212 +°025 
6 — 425 —"018 
7 — "300 +143 
8 —"356 —'100 
9 — "425 —018 
| 10 — "450 —'162 
| ll 6.30 A.M. —°425 12.45 P.M. “000 
12 —'281 —'218 
13 -'075 —'100 
14 — "093 —"368 
15 +°206 —"356 
16 +°100 +°106 
i7 —"006 +°050 
18 +112 —"150 
19 +°237 —"256 
20 4PM +006 9.45 P.M. — 225 
21 +'075 —'287 
22 +°231 —'243 
23 +°281 —"031 
24 +°262 +°075 
25 +112 +006 
26 +'162 +081 
27 7.45 P.M. — 056 +°025 
28 +°025 +'187 
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Diurnal Tide at 


Date High Water. Low Water. 
1851. 
Oct. 29 —-250 +°006 
30 +043 +081 
31 —-237 --018 
Nov. 1, 2 = 431 +243 
3 —'500 | 94.™. +068 
4 — "293 +7025 
5 —375 +018 
6 — 375 —037 
7 --381 —-056 
8 —"393 —"012 
9 —331 —018 
10 6.15 a. M. —-131 12.30 Pp. +°037 
ll = 37 +062 
12 —106 +:068 
13 —075 +112 
14 —012 +081 
15 +250 — 075 
16 +162 —'137 
17 +281 —193 
18 3PM. +281 | 930P.m. —*312 
19 +306 —-125 
20 +093 —-006 
21 +:206 —'156 
22 — 012 —"162 
23 +:056 +012 
24 000 +056 
25 7.30 P.M. —-087 +050 
26 — 287 +006 
27 —-418 —143 
28 — "568 —"056 
29, 30 -— 781 +°043 
Dec. 1 —*806 +:006 
2, —-443 | sau +131 
3 —-500 +150 
4 —*§25 +°125 
5 =OBY/ +056 
6 = "281 +062 
7 —+350 —-200 
8 +:900 +°243 
9 ++312 +537 
10 7.15 A.M. 000 | 130r.m. +4°237 
11 —'143 +012 
12 —056 +143 
13 +1125 —'031 
14 +°356 —"037 
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Diurnal Tide at Diurnal Tide at || Diurnal Tide at 
Date. High Water. Low Water, jy, Date. High Water. 
aa = | = = 
1851. | 1851. 
Dec. 15 +°475 -°093 || Dec, 24 | 715m. -'448 | 
| 16 +°443 | — 237 | 25 —'512 
17 2 P.M +287 | S45rM. _ 387 |! 26 esol 
18 +°312 —:293 | 27 —300 
19 +°056 --081 28 | —-568 
20 -043 000 |) 29 -'537 
21 -"318 +:018 || 30 
22 — 256 --087 || Sil! 
23 —"043 ="093 |) 
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Diurnal Tide at 
Low Water. 


From the data contained in the preceding Tables the Solar and Lunar 
Diurnal Tides at Portrush were obtained separately, as before, and found to 
give the following results :— 


1 
2 
3. 
4 
5 


Se oN 


VOL. 


I.—Diurnal Tide at High Water. 


Maximum value of Solar Tide = 0:25 ft. 


. Diurnal Solitidal Interval =11* 30”. 
. Age of Lunar Tide = 5? 9. 


Il.—Diurnal Tide at Low Water. 


- Maximum value of Lunar Tide for Positive Heights = 0-22 ft. 
- Maximum value of Lunar Tide for Negative Heights = 0°37 ft. 


Maximum value of Lunar Tide for Positive Heights = 0°15 ft. 
Maximum value of Lunar Tide for Negative Heights = 0°19 ft. 
Maximum value of Solar Tide = 0:25 ft. 
Diurnal Solitidal Interval = 11" 30". 

Age of Lunar Tide = 44 19°. 
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Adding the first two of each of the preceding, we obtain 


Range of Lunar Tide at High Water = 0°59 ft. 
Range of Lunar Tide at Low Water = 0°34 ft. 
Hence, by equation (3), 


cot (min) = ppg = Cot (29° 57’), 


or, converting the arc into time, 
Tn A 
but since m is the Moon’s Hour-angle, in Portrush time, at High Water, and 
is equal to 5" 47”, we have, finally 
Gsear ce 
By equation (4), we have : 
Max. value of 2M sin 22 =»/ (0°59)? + (0°34)? = 0-681 ft. 


From which we obtain 
M=0°'519 ft. 


Also, since the maximum value of the Solar Tide is 0°25 ft., we have 


Max. value of 2S sin 26 = 0°500 ft., 
and, 


S=0'342 ft. 
Combining these results, we have for Tide Constants at Portrush :— 


1. Lunitidal Interval = 3" 43”. 

2. Solitidal Interval = 11" 30”. 

. Age of Lunar Tide at High Water = 5? 9". 
Age of Lunar Tide at Low Water = 4% 19". 

4. Lunar Coefficient = 0°519 ft. 

. Solar Coefficient = 0°342 ft. 

. Ratio of Solar to Lunar Coefficient,— 


8 
M 


vo 


o> Cr 
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The Theoretical Tides were constructed with the foregoing Constants, and 
compared with the observed Tides. The results of the comparison are given in 
the six following Tables :— 


PortrusH.—Tasie A. 


Comparison OF THE OBSERVED AND CALCULATED Diurnat Ties at Portrush at High Water; Posi- 
tive Heights for Fifteen Lunations, commencing 1850, November 7* 7. 45”, and ending 1851, De- 
cember 22% 5" 35”. 


| No. Observed. | Calculated. Difference. No. Observed. | Calculated. Difference. 
Feet. | Feet. i Feet. Feet. | Feét. ; Feet. 
1 0°35 0°39 —0°04 9 0°50 } 0-45 +0:05 
2 0°40 0:44 -0:04 10 0-41 | 0-41 0:00 
5} 0-47 0-43 +0°04 11 0°32 0:26 +0:06 
4 0-40 0:29 +011 12 0°30 0°24 +006 
5 0°30 0-24 +006: 13 0:28 0°29 -0°01 
6 0°22 0:26 -0°04 14 0°30 0:38 —0:08 
7 0°30 0°34 —0:04 15 0-41 0°45 —0:04 
8 0:33 0-44 -O11 
Mean Difference = -0:001 ft. | 


PortrusH.—Tas_e B. 


CoMPARISON OF THE OBSERVED AND CALCULATED Diurnat Ties at Portrush at High Water ; Nega- 
tive Heights for Fifteen Lunations, commencing 1850, November 77 7" 45", and ending 1851, De- 
cember 22% 5” 35”. 


No. Observed. Calculated. Difference. _|| No. Observed, Calculated. Difference. | 


Feet. Feet, Feet. Feet. Feet. Feet. | 
1 0:64 0-57 +0:07 9 0:57 059 — 0:02 
2 0-65 0°62 +0:03 10 0°52 0°57 —0°05 
33 0:50 0:59 -— 0°09 | 11 0:56 051 +0°05 
4 0:58 0:57 +0°01 12 0-70 0°42 +0°28 
5 0°38 0-41 - 0:03 13 0:43 0-41 +002 
6 0°33 0°39 —0:06 14 0-42 051 —0°09 
7 0-42 0:46 —0:04 15 0:58 0°57 +001 
8 0°52 0°56 — 0°04 16 0°55 0:57 —0'02 
Mean Difference = + 0-002 ft. 
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PorTRusH.—TABLE C. 
ComPARISON OF THE OBSERVED AND CatcuLaTeD Drornat TrpEs at Portrush at Low Water; Posi- 
tive Heights for Fifteen Lunations, commencing 1850, November 6% 15" 24”, and ending 1851, De- 
cember 21% 16" 30”. 


| No. Observed. Calculated, Difference. || No. Observed. | Calculated. Difference. 
Feet. Feet. Feet. | Feet. in Feet. Feet. 

1 0:18 013 +0:05 } 0-17 0-28 -O1l 
2 0:23 018 | +0°05 | 10 0:20 0°32 | -0°12 
3 0:22 0:27 — 0:05 11 0°25 0:26 —0°01 
4 0°35 0°31 4004 || 12 0-13 O17 —0:04 
5 0:27 0:22 | +0°05 13 014 0:07 +007 
6 0:24 0:09 +015 14 0:10 0:15 —0°05 
7 0:10 0:05 +0:05 | 15 0-18 0:25 —0:07 

| 8 0:16 0°15 40:01 | 

Mean Difference = + 0-001 ft. 


Portruso.—TABte D. 
CoMPARISON OF THE OBSERVED AND CALCULATED Drurnat Tipes at Portrush at Low Water; Nega- 
tive Heights for Fifteen Lunations, commencing 1850, November 6° 15" 24", and ending 1851, De- 
cember 217 16% 30”. 


No. Observed. Calculated. Difference. No. Observed. Calculated. Difference. 
Feet. Feet. a Feet. Feet. Feet. Feet. 
1 0-16 0-10 +0:06 9 0-18 0:27 —0:09 
2 0:32 0:21 +011 10 0°30 0°33 - -0:03 
3 0°20 0:27 —0:07 1l 0:28 0°32 -0:04 
4 0:20 0°34 —0'14 12 0°23 0:27 —0°04 
5 0-21 0:28 —0:07 13 0:10 O11 -0-01 
6 0:27 0-19 +0:08 14 0:20 0-14 +0:06 
ff 0°30 0:07 +023 15 0:16 0-19 —0:03 
8 O17 0-15 +0 02 16 0:23 0:29 —0:06 

Mean Difference = — 0:001 ft. 


PortrusH.—Taste E. 


Drererence of Observed and Calculated Times of Vanishing of Diurnal Tide at Portrush, at High 
Water, expressed in Lunar Days. 


AGE or Lunar Tipe = 5¢ 9%. 


| No. Difference. | No. Difference. No. Difference. No. Difference. 
Days. Days. Days. re Days. 

1 +0'1 | 9 +18 \7 —1-4 25 —0-4 
2 417 | 10 +15 18 | +03 26 02 
3 =1:9 | 11 -1°7 19 -15 27 +0°3 
4 +0°7 | 12 +18 20 +06 | 28 +33 
5 -13 ss -14 21 -17 | 29 +0°3 
6 +05 | 14 +0°9 22 -05 30 +3°5 
7 -19 i415 —14 23 —1:2 | 31 -19 
8 -09 16 | +13 24 +13 | 

| Mean =+ 0'020 Lunar Days. 
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PortrusH.—TaBte F, 


DirFERENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Portrush, at Low 
Water, expressed in Lunar Days. 


AGE oF Lunar Tipe = 4? 19/, 


] 7 
No. Difference, No. Difference. No. Difference. | No. Difference. 

Days. Days. Days. Days. 
1 -41 9 +73 17 +0°3 25 -9:1 
2 -4:0 10 +59 18 —2°9 26 +11:3 
3 +03 11 -41 19 | +0-4 | 27 +23 
a -11 12 +88 20 | -O1 28 -6:1 
5 -2:'1 13 +9°3 21 -0°9 |} 29 -46 
6 +09 14 -46 22 | +0°3 | 30 -47 
7 +48 15 -46 23 -0:2 31 -17 
8 | +2°3 16 | -48 24 +5°3 

Mean =—0°006 Lunar Days. 


The agreement of the Observed and Calculated Tides, shown in Tables 4, , 
C, D, E is very good; but the differences in Table F are very great; they do not, 
however, vitiate the accuracy of our Tidal Constants for Portrush, and pro- 
bably owe their origin to the fact that the Diurnal Tide at Low Water at this 
station was so small in amount, that a very slight error of Observation would 
produce a considerable error in the Time of Vanishing. The agreement be- 
tween Theory and Observation, as respects the Height of the Diurnal Tide at 
Low Water, is excellent. 


Secrion VIII.—Drurwat Tipe at CusHENDALL. 


| 
Date. Diurnal Tide at Diurnal Tide at Date. Diurnal Tide at Diurnal Tide at 
High Water. Low Water. High Water. Low Water. 
1851. 1851. 
Jan. 1 Jan. 10 —"350 +'587 
2 11 — 343 +275 
3 12 +112 +°437 
4 45pm. —*443 +043 13 630a.m. +7118 | 1215p. +113) 
5 — "487 +237 || 14 — 443 +643 | 
6 ~ 575 +112 15 +:256 +262 | 
7 —706 +181 16 — "293 —:062 | 
8,9 —"456 +'443 17 +°112 -'518 | 
SUE SEeeneeeeereeeee 
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Diurnat Tipe at CusHenpALL—continued. 
Diurnal Tide at Diurnal Tide at _|| Diurnal Tide at Diurnal Tid 
Dates High Water. Low Water. || Date. High Water. aire Walaes : 
1851. | 1851. 

Jan. 18 +'250 —381 || Mar. 6 — 331 +118 
| 19 +°237 —181 | it =:037 —'106 
| 20 | waorsx. +:°368 | 60r.0. —'281 8 —-025 —'162 

21 +°431 —"643 9 —112 4193 

22 +812 | -743 | 10 —318 —-043 

23 +781 =-450 | 11 -— 112 —'256 

24 +600 | -"362 | 12 | #%04m  +:218] nam 143 

25 +606 +:206 | 13 +143 —018 

| 26 +450 +018 14 +125 —181 
| 27 | ze. +7150 | +043 | 15 +268 —"350 
28 —-293 —"312 16 +381 —"381 

| 29 —-295 —-043 17 +:518 — 419 
| 30 ~-225 +°312 18 +462 —-218 
| 31 —193 +°175 19 45am. +°337 | 545 p.m. — 656 
| Feb. 1 Slane +218 20 +:837 056 
2 —287 | sisa.m. +'362 21 +568 —075 

3 ~ 493 +1187 22 +293 ~ 106 
4 — "393 +318 23 +406 —-012 
5 —-306 4125 24 ++300 +268 
6 —593 +1425 25 +168 +462 
7 —"475 +162 26 | rm — 093 +1268 

8 —"275 +187 27, —-012 +562 

9, 10 --081 +:112 28 —131 +062 

ll 530a.M- —"143 | 30am +:018 29 —-193 +°368 

12 +131 +143 30 —+250 +-243 

13 +212 +081 31 —-106 +168 

14 +187 —-056 || April 1, 2 +062 +218 

15 +368 —168 3 ~-006 | 54m. +162 

16 +400 —550 4 —-093 +087 

17 +650 —-687 5 ~-050 +012 

18 | 1215r.m. +-900 | 6.x ~-506 6 +-025 —-162 

19 +831 ~"562 7 +-106 — "162 

20 +:718 —*387 8 +-200 —200 

21 +662 —"187 9 +268 —:287 

22 +481 212 10 +:012 — +343 

23 4°337 —-050 11 580amM. —-037 | 1215Pr.m. —-387 

24 +168 +087 12 +-312 —-468 

25 G.15 P. at. +087 4206 13 +356 —-506 

26 ~-093 4275 14 +-387 —"537 

27 —-256 +306 15 +468 ~-468 

28 —:350 4°318 16 +418 —387 

Mar. | —-300 4-181 17 +362 —-094 
2 = "316 +°125 18 Wisp. +312 | orm. +068 

3,4 —'368 4050 19 +206 +7131 

5 —187 | sa0a.m. +4°343 20 +106 +°150 
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DrurnaL Tiwk at CusHENDALL—continued. 


Diurnal Tide at Diurnal Tide at Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. Date. High Water. Low Water. 
1851. 1851. 

April21 +°162 +°368 || June 7 +°475 —"768 
22 -:1387 +281 8 +°587 —*450 
23 —'243 +'381 Q | 615 a.m. +156 | 1230r.4. -—°556 
24 --168 +525 | 10 | +425 506 
25 645r.u. —'131 +637 ll +400 —'493 
26 —*200 +'543 12 +'256 -'181 
27 -'193 +°437 13 +006 "037 
28 =175 +306 | 14 000 +175 
29 —'081 +°218 15 —193 +'287 
30 —081 +100 | 16 | 1230p0. —-318 | Gem. +1256 
May 1, 2 —°025 -075 ly —106 +300 
3 +°106 | 5154.m. —131 18 —'368 +'156 
4 +:143 —'237 19 -475 +1187 
5 +:212 —'281 20 —'475 +'375 
6 +337 ="393 21 —*400 +443 
fl +°412 —"431 22 —'287 +'275 
8 +375 —"350 23 | 545em —-056 4:43] 
9 +:275 - 481 24 +°056 +593 
10 515 4.m.  +*350 | Noon. -"543 25 +025 +'562 
1l +387 — 637 26 +'075 +'287 
12 +412 — 581 27 +200 +193 
13 +°400 "468 28 4+'°237 +°050 
14 +393 —"412 29, 30 +'337 -'131 
15 +406 -"150 || July 1 +'437 | 5154.m —*350 
16 +206 +'043 2 +387 —318 
17 Noon. —012 | 530am +°056 3 +°387 —493 
18 = 131 +'075 4 +500 —'687 
19 =181 +143 5 +618 —618 
20 — 356 +°443 6 +625 —581 
21 = Y/ +°293 7 +'481 —581 
22 —"393 +°175 | 8 6am +°412 | 1215~.m. —*443 
23 —218 +°331 9 +'262 —'212 
24 | 5452" -—-081 +°525 10 +'268 —'200 
25 —075 +512 is! +'268 +156 
26 —'168 +°343 | 12 —"075 +°306 
27 —-043 +°256 | 13 ="325 +°306 
28 —012 +°300 14 —'181 +'312 
29 “000 +°287 15 45am. —'256 | 5.50. a. +'431 
30, 31 +-062 +°093 | 16 -"550 +406 
June 1 +:168 -'093 17 "643 +312 
2 +325 | 530a.m. —'237 | 18 —593 +°243 
3 +343 =231 | 19 —"525 +175 
4 +:293 —'637 | 20 —587 +°118 
5 +650 -'506 21 —'331 +162 
6 +600 —462 | 22 -156 +1262 
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DiurnaL TIDE AT CusnenpaLt—continued. 
| | | | 
\ Date | Diurnal Tide at | Diurnal Tide at Date. Diurnal Tide at Diurnal Tide at 
| ° High Water. Low Water. | High Water. Low Water. 
| | | = 
1851. | | 1851. 
July23 | s?™ +018 4-362 |\Sept. 8 —°200 4462 
24 +043 +412 || 9 —"125 +450 
25 +112 +287 || 10 —-200 —"025 
26 4225 +118 || 11 —-093 +°156 
27 4225 +018 || 19. \esamete 00 eae +7206 
28, 29 +231 —-287 || 13 —-418 +156 
30 4406 | 54% _-568 || 14 —381 +100 
31 +493 —518 15 —312 +:087 
Aug. 1 +481 —-687 16 = 200 4075 
2 4-706 —-706 V7 —106 —'012 
3 +°806 —-468 || 18 +062 —-006 
4 +°656 —400 || 19 +187 +012 
5 +481 —-293 |) 20 5.30 P. M. +:268 —118 
6 s90am. +°337 | Noor =118 21 +°200 —-275 
7 4+°137 +018 22 +:293 —-462 
8 —-043 +100 23 +431 —-493 
9 —-150 +181 24 +512 =231 
10 —-256 +:268 25, 26 +175 —*381 
il —-268 +293 27 4-48] | 54-™ —-431 
12 — 431 4+:231 28 +7500 —-443 
13 u4asam. —143 | 515 4™ 4193 || 29 4°456 —"425 
14 +075 +231 30 +468 —*300 
15 —-450 4-206 || Oct. 1 +:043 +°318 
16 —-487 +181 2 —-293 4243 
7 —+350 +:050 3 —:300 4187 
18 — "368 +050 4. \sasemet 029 pases. 47431 
19 —156 +:212 || 5 —050 +°456 
20 —156 +006 6 —:037 +468 
21 si5r.m. +°256 +125 || 7 +°200 4°712 
22 +:406 4-250 | 8 —:293 +:431 
23 4-293 —"125 || 9 294 +394 
24 +525 —-318 || 10 —-281 +7156 
25 +350 —-262 || 1] | umae —-062 | 454% 47594 
| 26,27 4+°356 —+325 12 —-450 4°131 
28 4-506 | 4154 —-475 | 13 —193 —162 | 
29 +°675 —587 || 14 —-268 —-506 
30 +600 537 || 15 —-081 —-681 
31 +°731 —+525 || 16 4-243 —-318 
| Sept. 1 +606 —-368 || 17 4243 —-237 
| 2 +525 —-198 |, 18 47425 —256 
3 +425 +025 19 +581 —-437 
4 5AM +106 | 11.30 4.™ +143 20 suze t418 —'375 
\ 5 =-125 +125 || 21 4237 —518 
| 6 -156 | +°318 || 22 4°356 —618 
7 —243 | +456 23 | 4-443 +625 
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Diurnat Tipe at CusHENDALL—condtinued. 
Date. Diurnal Tide at Diurnal Tide at Date Diurnal Tide at Diurnal Tide 
High Water. Low Water. High Water. Low Water. 
1851. 1851 

Oct. 24 +493 —'506 || Nov. 28 -'506 +°537 
25 +431 ~ ="331 29, 30 -"581 +7443 
26 +:275 | 515m -'181 Dee. 1 -'575 +°431 
27 --012 —-062 2 6.30amM. —'318 | 11.30a.m. +°693 
28 +043 +131 3 —'206 +693 
29 —'256 +°218 4 -—112 +°593 
30 —287 +481 5 +006 +°437 
31 —'275 +°337 6 +018 +°462 
Nov. 1,2 —'037 +°525 7 —"225 —'318 
3 | 454m —+362 | 1pm. +5387 8 —'062 —'587 
4 —150 +462 9 +'268 +°175 
5 —"162 +575 10 | naoam. +°462 | storm. -—-150 
6 —'325 +°437 1] +°343 —375 
"if —"243 +°362 12 +518 -381 
8 -131 +:243 13 +493 —*525 
9 —206 +:200 14 +°575 —-568 
10 11 A.M. +006 | 52.™ +125 15 +593 —*550 
11 +:206 +050 16 +475 —*806 
12 +'250 —143 17 6 P.M +443 -731 
13 +300 —°212 18 +°518 —"543 
14 +193 — "343 || 19 +°375 — "368 
15 +287 —-487 20 +400 +012 
16 +512 —543 21 +°237 +°237 
17 +625 —"606 22 -'118 +181 
18 6 P.M, +'487 -—'718 23 —312 | 4454m. +4+°193 
19 +581 —"650 24 —-243 +512 
20 +456 —'468 25 --562 +425 
21 +181 — "556 26 —'593 +187 
22 +175 —*481 27 —*d25 +262 
23 +:212 —'231 28 -—537 +3381 
24 —081 | 5am. +050 29 — 468 +°343 

25 -—-143 +043 30 

26 —-262 +300 31 

27 —481 +487 


The Solar and Lunar Diurnal Tides at Cushendall 


the preceding figures, and found to be as follows :— 


VOL. XXIII. 


were 


calculated from 
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L—Diurnal Tide at High Water. 


. Maximum value of Lunar Tide for Positive Heights =0°50 ft. 
. Maximum value of Lunar Tide for Negative Heights = 0°33 ft. 
. Maximum value of Solar Tide = 0°30 ft. 

. Diurnal Solitidal Interval = 11" 25”. 

. Age of Lunar Tide = 67 18" 41”. 


oe ww be 


UW.—Diurnal Tide at Low Water. 


. Maximum value of Lunar Tide for Positive Heights = 0:355 ft. 
. Maximum value of Lunar Tide for Negative Heights = 0°45 ft. 
. Maximum value of Solar Tide = 0-25 ft. 

. Diurnal Solitidal Interval = 11* 25”. 

. Age of Lunar Tide = 5? 2" 45”. 


wn e 


or 


Adding the first two of each of the preceding results, we find, 


Range of Lunar Tide at High Water = 0°83 ft. 
Range of Lunar Tide at Low Water = 0'805 ft. 
Hence, by equation (3), 
se 0880). aa 
cot (m — in) = 0805 = oo (44° 7’), 


or, converting the arc into time, 
M = tm = 3° QO". 


but since m, the Moon’s Hour-angle at High Water, expressed in Cushendall 
time is 10" 18"; we obtain, 
Ln = yh 16: 
By equation (4), we have 
Maximum value of 2M sin 24 = /(0°83)? + (0°805)? = 1:156 ft. 


From which we obtain 


M=0:881 ft. ; 
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also, since the mean value of the Solar Tide is 0-275 ft., we have, 


Max. value of 2S sin 2c = 0°550 ft., 
and, 
S=0°376 ft. 


Combining the foregoing results, we find for the Tide Constants at Cushen- 
dall :— 


1. Lunitidal Interval = 7" 16”. 

2. Solitidal Interval = 11" 25”. 

3. Age of Lunar Tide at High Water = 6* 18" 41". 
Age of Lunar Tide at Low Water = 5° 2" 45", 

4, Lunar Coefficient = 0°881 ft. 

Solar Coefficient = 0°376 ft. 

6. Ratio of Solar to Lunar Coefficient, 


ox 


or +s 0-427. 


The Theoretical Tides were constructed with the foregoing Constants, and 
compared with the observed Tides. The results of this comparison are con- 
tained in the following Tables:— 


CusHENDALL.—TABLE A. 


CoMPARISON OF THE OBSERVED AND CALCULATED DiurnaL Tines at Cushendall at High Water ; 
Positive Heights for Thirteen Lunations, commencing 1851, January 24 22" 33”, and ending 1851 
December 237 9" 54”. 


} | 
No. Observed. Calculated. Difference. | No. Observed. Calculated. Difference. 
Feet. Feet. Feet. | Feet. Feet. Feet. 

1 0:70 0°64 +0:06 io 0-70 0-70 0:00 

2 0-73 0-70 +003 | 9 0°66 068 —0°02 

3 0:54 0°52 +0°02 10 0:48 052 -0:02 

4 0:40 0°34 +006 || 11 0:45 0-43 + 0:02 
5 0°40 0-40 0-00 12 051 051 0:00 | 
6 0°50 0°50 0:00 | 13 0°58 0:60 »=0:02 | 
7 0:52 0:63 —O11 || | 
| 
Mean Difference = 0:000 ft. 


n2 
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CusHENDALL.—TABLE B. 
CompARIsON OF THE OBSERVED AND CaxcuLaTeD Drornat Trpxs at Cushendall at High Water ; 
Negative Heights for Thirteen and one-half Lunations, commencing 1851, January 27 22) 33”, and 
ending 1852, January 6" 2” 30”. 


| No. Observed. Calculated. Difference. No. Observed, Calculated. Difference. 
Feet. Feet. Feet. Feet. Feet. Feet. 
1 0:56 0°50 +0:06 8 0°59 0:58 +0°01 
2 0:50 0°55 —0:05 9 0°50 0°53 —0:03 
3 0:36 0-44 —0°08 10 0°38 0°37 +001 
4 0-20 0:23 -0:03 11 0:20 0°23 -0:03 
5 0:20 0:28 —0:08 12 0:33 0:29 +0°04 
6 0-40 0°35 +005 13 0:53 0-43 +010 
c 0-47 0-43 +0°04 14 0:55 0:58 —0:03 
Mean Difference = — 0-001 ft. 


CusHENDALL.—TABLE C. 
CoMPARISON OF THE OBSERVED AND CALCULATED DiurnaL Tipes at Cushendall at Low Water; 
Positive Heights for Thirteen Lunations, commencing 1851, January 0° 14" 15”, and ending 
1851, December 227 3 33”. 


No. | Observed. | Calculated. Difference. No. Observed. Calculated. Difference. 
| j Feet. Feet. , Feet. Feet. Feet. Feet. 
1 0:62 | 0:52 +0:10 8 0:40 0-49 —0:09 
2 0°31 039 —0:08 9 0:28 0°40 -—0'12 
3 0°30 0:33 -0:03 10 0-40 0°36 +0°04 
4 0-40 0°36 +0°04 ll 0:57 0°43 +014 
5 0:56 052 +0°04 12 0°54 0°50 +004 
6 0°45 0-54 —0°09 13 061 0:57 +0°04 
7 0°52 0:57 —0°05 
Mean Difference = — 0°001 ft. 


CusHENDALL.—TABLE D. 
CoMmPARISON OF THE OBSERVED AND CALCULATED DiurNAL Tipes at Cushendall at Low Water; 
Negative Heights for Thirteen Lunations, commencing 1851, January 0% 14" 15”, and ending 1851, 
December 227 3 33”. 


No. | Observed. Calculated. Difference. 


| No. Observed. Calculated. Difference. 
| 
[Feet. Feet. Feet. | Feet. Feet. , _ Feet. 
i 0:54 0°52 +0:02 | 8 0:65 0°54 +011 
2 0°57 0°51 +0:06 | 9 0:50 0-47 +0:03 
3 0°37 0-40 —0°03 | 10 0-47 0:49 —0:02 
4 0°52 0:53 -0°01 ll 057 0:54 +0:03 
5 0°54 0°59 —0°05 12 0:60 0:64 —0:04 
6 0°60 0°69 -0°:09 13 0°72 0-69 +0:03 
7 0°60 0°67 -0:07 
Mean Difference = — 0°002 ft. 
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CusHENDALL.—TABLe E. 


Drrrerence of Observed and Calculated Times of Vanishing of Diurnal Tide at Cushendall, at High 
Water, expressed in Lunar Days. 


Ace or Lunar Tipe = 67 18" 41”. 


| No. Difference. No. Difference. No. Difference. No. Difference. 
Days. Days. Days. Days. | 
1 +1:32 8 +0°92 15 —0:08 || 21 -0°68 
2 —0-08 9 -078 16 +0°42 22 —0°88 
3 —0:08 10 +052 17 —0°68 | 23 —0°58 
4 +0°22 11 —0°08 18 +0°32 | 24 | -—0:08 
5 +1:22 12 +0752 19 —0°58 || 25 —0:08 
6 +1°22 13 -158 20 —0'08 26 —0:08 
7 -1:58 14 +1:42 
—| 
Mean Difference = + 0-004 Days. 


CusHENDALL.—TAsLE F, 
DiFFERENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Cushendall, at Low 
Water, expressed in Lunar Days. 
Ace or Lunar Tir = 5¢ 2" 45”, 


| 
No. Difference. No. Difference. No. Difference. No. Difference. 
Days. Days. | Days. Days. 
1 +055 8 —0°65 15 +105 21 — 1:25 
2 +0°55 9 —1°85 | 16 -0°75 22 +055 
3 +155 10 +0°05 | 17 +0°55 23 +055 
4 +0°55 ll -—0:05 18 —1:05 24 + 0°55 
5 —0°85 12 — 0°45 | 19 +155 25 +055 
6 —0°45 13 +0°55 20 +1°85 26 — 1°65 
7 -1-05 14 -045 | 
Mean Difference = 0-000 Lunar Days. 
| 


From the preceding Tables it is evident that the utmost reliance may be 
placed in the values of the Tide Constants at this Station. 
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Srcrron [X.—Drurnat Tipe at DonacHADEE. 


94 
D Diurnal Tide at Diurnal Tide at 
ale High Water. Low Water. 
1850. 
Oct. 3 +°347 +'253 
4 +328 — 409 
5 +°162 +069 
6 +'278 +522 || 
ivf ze 4°715 +059 
8 +°390 | 64M - "053 
9 +°260 | 74.™. —'050 
100 +090 —115 || 
| Wl) —'047 —134 | 
12 | —'156 +:206 | 
| 13 ~ "231 +312 
14 — "470 +°597 
{ 15 ~ 740 4453 
| 16 | 73000. —487 | 15em +7444 
7 8.80 a. at. —"190 | 245 p.m. +675 
18 —*340 +628 
19 200 +°753 
20 —'260 +°412 
21 —110 +'203 
22 —040 4°322 
| 23 —'150 +019 
24 12.30e.m. —‘O12 | 6457.™. —‘006 
| 2 +070 —-203 | 
26 +'169 —°412 
PH +°053 —*244 | 
28 +°053 — 403 
29 +°256 —'578 
30 +565 —"515 
31 8 P.M. +°394 - 244 
Nov. 1,2 +093 —°475 
| 3 4°156 —'506 | 
4 018 —:056 | 
| 5 ~"650 —-006 
6 —175 +056 
br —590 | 630.0. +4°140 
8 —'284 +°428 | 
9 — ‘212 +'340 
10 —"321 +°440 
11 —°431 +481 
12 —'303 +7450 
i —"825 4534 
14 | 715am, —*315 | 1P-m. 4637 
15 | —"075 +'656 
16 +006 +°643 | 
17 lei 4487 


Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. 
1850. 

Nov. 18 —"025 +'168 
19 +°725 +°787 
20 +125 000 
21 +181 +°225 
22 Wiem +056 | c45r.0 — O12 
23 +:250 "556 
24 +°625 — "331 
25 +°318 —'400 
26 4525 ~"668 
27 +°343 —'700 
28 +337 —'637 
29 7.30pm. +7306 —537 
30 43862 —08l 

Dec. 1 +1:068 —'169 
2 +°243 —'206 
3 +381 +300 

4,5 —°387 +°212 
6 ="512 | Gian. +118 
7 —-481 +°312 
8 —*362 +°337 
9 +081 +143 
10 —'281 +°375 
il —'481 +475 
12 — 381 +568 
13 =ieRi/ +°968 
14 65am. —675 | 230e.% +4°550 
15 =Zal --431 
16 +°187 —°618 
17 +:312 —°493 
18 043 +056 
19 — "037 +181 
20 +'275 — 031 
21 Noon. +°493 | 6.30P. m. —°425 
22 4+°525 437 
23 +587 —°443 
24 +°393 —°312 
25 41143 "781 
26 +537 —-681 
27 +°562 — 468 
28 8 P.M. +'087 —:075 
29 000 ="287 
30 +°587 S13 
31 +°493 4256 
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DivrwnaL Ting at DonaGHuapEE—continued. 


Diurnal Tide at 


Date. High Water. 
1851. 

Jan. 1 +525 
2,3 +056 
4 —"500 
5 — 443 
6 - "493 
q -°637 
8 -'731 
9 —*468 
10 —*368 
1] "362 
12 —"162 
13 TAM, +100 
14 —'381 
15 +°362 
16 -"193 
17 +1231 
18 +318 
19 +456 
20 4pm. +'337 
21 +°400 
22 +°812 
23 +693 
24 +131 
25 4512 
26 +°350 
27 7.45. PM. +112 
28 —'300 
29 —281 
30 —'181 
31 = 112 
Feb. 1, 2 —~'100 
3 —'343 
4 —'556 
5 —'543 
6 —"d81 
il —"700 
8 —487 
9 —"331 
10 —'350 
ll 5454.6 +08] 
12 +062 
13 +°081 
14 +137 
15 +275 
16 +°306 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


Low Water. Dates High Water. Low Water. 
1851. 
+512 || Feb. 17 +'593 — 662 
+°200 18 2.30pm. +°825 | 6455p. —'400 
545a.m. +4°156 19 +°762 —'337 
+°137 20 +681 —'287 
+°243 21 +556 —'200 
+'256 22 +°250 — 093 
+°343 23 +°'250 +025 
+°612 24 +'131 +156 
+°800 25 7PM +°025 +268 
+518 26 —'100 +268 
+'531 27 —'281 +'256 
lee.  +1°225 28 — "362 +'225 
+631 Mar. 1 —"493 +°131 
+:218 2 —'425 +112 
+206 3,4 —"356 +112 
— 381 5 —193 | cam +°400 
—475 6 —*437 +'131 
—'275 7 —"381 -'093 
TPM. —28)] 8 -'081 -'075 
- 581 9 —'243 +362 
"743 10 —"425 +'025 
—*368 11 —162 = ‘262 
—+356 12 | sax +°150 | 30am. —'112 
+181 13 -'031 —°037 
+:018 14 +°056 — 1225 
+°087 15 +181 —°331 
~-437 16 +°318 368 
—'143 17 +°450 —"337 
+-387 18 +343 —081 
+181 19 Noon. +°325 62M —*400 
—"281 20 +'800 —:100 
6 A.M. +537 21 +587 4+:012 
+:287 22 +°281 —:050 
+437 23 +312 006 
+331 24 +°231 +306 
+462 25 +7100 +493 
+181 26 647M. —-006 +:268 
+187 27 -'012 +°381 
+150 28 —'143 +°375 
Udsam. +075 29 -—'181 +412 
+168 30 —+362 +1225 
+-025 31 -'181 +°156 
--043 ||April 1, 2 +062 4+:243 
—-162 3 — 025 64.M. +193 
— 512 4 —137 +:143 
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Divryat Tipe at DonaGHaDEE—continued. 


Diurnal Tide at 


Diurnal Tide at 


Diurnal Tide at 


High Water. Low Water. High Water. 
: 1851. 

-'118 +'093 || May 21 = "525 

— 037 -"100 22 —°337 

+:037 —"093 23 —168 

+118 —143 24 630r.m. —'112 

+156 -'250 25 — 087 

+206 —"281 26 —"125 

615a.m. +4°106 | 1245r.u. —'337 27 —-018 
+°212 —"450 28 +:006 

+°225 —500 29 -000 

+°275 — "487 30, 31 +°056 

+325 —‘418 || June ] +:1387 

+356 —"356 2 +7168 

+231 —'031 3 +°237 

12.30r.m. +°212 6.30 A. M. +'093 4 +°156 
4+°225 +:237 5 +581 

000 +:237 6 +531 

--031 +462 7 +362 

—'168 +368 8 +462 

—'225 +7412 9 | ssoam +7062 

—-200 +'618 10 +°331 

7.15PM. —168 +662 11 +287 
—150 +568 12 +100 

—187 +°425 13 —056 

—193 +°281 14 +006 

-"056 +°206 15 —-193 

-"093 +1125 16 12.30p.4. —*'28] 

-012 —'037 17 —"393 

+:075 | 5304.m. —'031 18 -—"362 

+075 —137 19 -+393 

+118 —'212 20 -'d12 

+°187 —"331 21 —-462 

+°293 —"443 22 —293 

+°343 —*300 23 6 P.M. —"093 

+°256 —*456 24 —"056 

6.30a.m 4°218 | 21pm —-§37 25 -"025 
+'318 — 668 26 +:075 

+°318 -"506 27 +187 

+'293 --400 28 +°206 

+°281 -"318 29, 30 +°256 

4+°243 —112 || July 1 +°406 

+°231 +°043 2 +518 

Noon. +118 | 654m +4°056 3 +506 
+:012 +1381 + +'581 

—075 4225 5 +600 

—"350 +450 6 +°543 


Diurnal Tide at 
Low Water. 


+200 
“000 
+°437 
+°606 
+556 
+'368 
+°287 
+°325 
+:287 
+081 
—"056 
6AM. —'131 
—'218 
—'568 
-518 
-"531 
-°793 
--550 
115 P.M. —-731 
—-512 
—481 
—'100 
+025 
+:243 
+431 
6.30 P.M. +293 
+:356 
+393 
+:275 
+506 
+543 
+°387 
+:537 
+600 
+493 
+250 
+193 
+043 
—'106 
545am. —331 
—418 
-'568 
-'612 
—'587 
—*487 
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Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. Date. 
1851. 1851 
July 7 +450 — 443 Aug. 22 
8 615a.m. +°33] | 1230r.m. —°418 23 
9 +200 —'262 24 
10 +093 -"187 | 25 
11 =118 +:218 26, 27 
12 -'118 +°331 28 
13 —*406 +°381 29 
14 —'250 +°368 | 30 
15 Noon. —'243 | 6pm +450 31 
16 —*556 +°381 || Sept. 1 
17 —'656 +350 2 
18 -— "625 +:293 3 
19 -"518 +212 4 
20 -'631 +°231 5 
21 —*412 +°293 6 
22 — "262 +°337 7 
23 6.30P.M. — +037 +400 8 
24 +'018 +°381 9 
25 +'062 +°237 10 
26 arly +:056 ll 
27 +°206 +:056 12 
28, 29 +'218 —-243 13 
30 +°368 | 53040. —-487 14 
31 +'387 —-412 15 
Aug. 1 +1231 —-600 16 
2 +°593 - 606 17 
3 +°706 — 443 18 
4 +606 —-443 19 
5 +°481 — 343 20 
6 | 5454.m. 4-306 | Noon. —'212 21 
a +°075 —'018 22 
8 —'093 +°118 23 
9 —'200 +:231 24 
10 —'293 +°312 25, 26 
11 —"343 +°312 27 
12 —"462 +°312 28 
13 M4dam. —-443 | 545p.m. 4-943 29 
14 —*456 +°275 30 
15 —'543 +°218 || Oct. 1 
16 -*418 +:268 2 
17 —"256 +°212 3 
18 —'037 +°150 4 
ig -'156 +°281 5 
20 -156 +181 6 
21 615 P.M.  4'268 +156 7 
VOL. XXIII. Oo 


Diurnal Tide at 
High Water. 


+°381 
+:268 
+°450 
+°200 
+°'225 
+°537 
+687 
+650 
+650 
+°543 
+°431 
+375 
+081 
—'137 
-'168 
—'243 


5.30 A.M. 


1145 a. mM. 


6 P.M. 


Diurnal Tide at 
Low Water. 


+°218 
-'187 
— "393 
—_ "293 
— 337 
-'506 
— "425 
— 331 
— "387 
-—'337 
— "243 
+006 
+°106 
+:087 
+°350 
+°437 
+°481 
+462 
+'268 
+275 
+°268 
+*206 
+131 
+'106 
+131 
+039 
+081 

000 
-'143 
-—°318 
—"475 
— 443 
-'139 
—‘231 
-—*350 
— "325 
— 343 
-*350 
+256 
+°281 
+°325 
+°48] 
+506 
+525 
+°831 


5,30 A.M. 


Noon. 


5.30 P.M. 


6 A.M. 
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Date. Diurnal Tide at Diurnal Tide at 
4 High Water. Low Water. 
1851. 
Oct. 8 — 300 +450 
9 ~+300 +443 | 
10 —"306 +°206 
ll 11.30a.m. —*1560 | 5.15pm. +4°593 
12 — "475 +°150 | 
13 —"075 —200 
| 14 —"231 —:500 
15 — ‘062 —*562 
16 +°325 —'262 
17 +'187 —"225 
18 +°325 —'237 
19 +506 —"437 
20 CAE E MEE BI5 —-406 
21 +175 —*550 
22 +:237 — 656 
23 +'362 —*568 
| 24 = BEY / —*393 
25, 26 +°312 | Gam. —218 
27 +231 --100 
28 —"012 —:087 
29 —"325 —'143 
30 —"656 000 
31 —*368 +531 
Nov. 1 —'293 +°400 
2 -"068 +°618 
3 7AM. —'387 | lew +°687 
4 —093 +°362 
5 | —*206 +631 
6 —'293 +443 
if —'243 +°337 
8 —181 +'293 
9 —"343 +175 
10 11.30 A.M, —'043 5.15 P.M. +175 
11 +°143 +168 
12 +275 —-100 
13 +'293 — 137 
14 +'206 ~"243 
Lor | +275 —"443 
16 | +418 —'58] 
17 ,| +575 ~"706 
18 | 6.30 P. +'462 —"787 
19 | +°487 — 662 


22, 


Diurnal Tide at 


Diurnal Tide at 


High Water. Low Water. 
+350 362 
} +°081 - "462 
| +:087 —'331 
+°243 —'137 
—"037 | &4-™ +°106 
| =-218 | +100 
| —"325 +°318 

—-456 +400 

—'531 +°525 

—-406 +°525 

—°331 +°537 

6 A.M. —*350 | Noon. +°700 
— +256 +693 

—-156 +612 

—-006 +462 

—-081 +°425 

—-406 —'193 

+:387 —"325 

+687 +181 

Noon. +°306 | 545 p.m. —081 
+°081 —"275 

+400 — 318 

+°362 —431 

+562 —525 

+°712 —568 

+°412 —*781 

GP.M. +318 — "825 
+°375 —587 

| +287 300 
+°343 +:050 

+°250 + 287 

~'156 +1293 

—281] 5.15 a. M. +150 

—'237 +437 

-— 543 +°425 

— 587 +:225 

—-550 +:268 

— 643 +350 

= "312 +300 


| 
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From the preceding Tables the Solar and Lunar Diurnal Tides at Do- 
naghadee were calculated separately, and found to give the following results :— 


I.—Diurnal Tide at High Water. 


. Maximum value of Lunar Tide for Positive Heights = 0:42 ft. 
. Maximum value of Lunar Tide for Negative Heights = 0°38 ft. 
. Maximum value of Solar Tide = 0°28 ft. 

. Diurnal Solitidal Interval = 11" 12”. 

. Age of Lunar Tide = 67 5". 


oe © Ne 


Il.—Diurnal Tide at Low Water. 


. Maximum value of Lunar Tide for Positive Heights = 0°39 ft. 
. Maximum value of Lunar Tide for Negative Heights = 0°42 ft. 
. Maximum value of Solar Tide = 0:28 ft. 

. Diurnal Solitidal Interval = 11" 12”. 

5. Age of Lunar Tide = 54 2". 


Hm OF DO 


Adding the first two of each of the preceding, we obtain 


Range of Lunar Tide at High Water = 0°80 ft. 
Range of Lunar Tide at Low Water = 0°81 ft. 
Hence, by equation (3), 


cot (m—in) = == 


= cot (45° 21’), 
or, converting the arc into time, 
NM —tn= 3 7™ : 
but since m is the Moon’s Hour-angle, in Donaghadee time, at High Water, and 
is 10" 40”, we obtain, finally, 
(jaa The Bee 
By equation (4), we have 
Max. value of 2M sin 24 =»/(0°80)? + (0°81)? = 1-189 ft. 
0 2 
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From which we obtain 


M=0°868 ft. 


Also, since the maximum value of the Solar Tide is 0-28 ft., we have, by 


equation (5), 


and, 


Max. value of 2S sin 20 = 0°56 ft., 
S=0°383 ft. 


Combining these results, we have for the Tide Constants at Donaghadee:— 


1. 
2. 
3. 


4, 


ox 


Lunitidal Interval = 7" 33”. 

Solitidal Interval = 11" 12”. 

Age of Lunar Tide at High Water = 67 5". 
Age of Lunar Tide at Low Water = 5* 2", 
Lunar Coefficient = 0°868 ft. 

Solar Coefficient = 0°383 ft. 

Ratio of Solar to Lunar Coefficient,— 


S _ 6. 
or 47 = 0-441. 


The Theoretical Tides at Donaghadee were constructed with the forego- 
ing Tide Constants, and compared with the Observed Tides, with the follow- 


ing results :— 


DonAGHADEE.—TABLE A, 


CoMPARISON OF THE OBSERVED AND CatcuLatep DiurnaL TrpEs at Donaghadee at High Water ; 
Positive Heights for Sixteen and a half Lunations, commencing 1850, September 29% 5' 51", and 
ending 1851, December 224 22 24”, 


No. Observed. Calculated. Difference. I No. Observed. Calculated. Difference. 
| | Feet. Feet. i Feet. _|| Feet. Feet. Feet. 7 
poe 0-40 0°37 +0°03 | 10 0-41 0-45 —0:04 
2 0:26 0°30 —0:04 ll 0°60 0-52 +0:08 
| 3 0-43 0:40 +0°03 | 12 0°60 0:65 —0°05 
4 0-47 0°45 +0°02 | 13 058 0°59 -—0°01 
5 0:57 0°59 -0:02 | 14 0:40 0°42 — 0°02 
| 6 063 0°59 +0°04 15 0°37 0°38 -0°01 
laze 0°50 0-49 +001 16 0°50 0°43 +0°07 
| 8 0°30 0°32 —0:02 17 0-46 0°52 -0:06 | 
9 0:33 0°35 —0°02 | 
| Mean Difference = - 0:000 ft. 


CoMPARISON OF THE OBSERVED AND CALCUL 
Negative Heights for Seventeen Lunations, 
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1852, January 5¢ 21" 12”, 
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ATED Diurnat Tipes at Donaghadee at High Water ; 
commencing 1850, September 29% 5" 51", and ending 


COMPARISON OF THE OBSERVED AND CALcuL 
Positive Heights for Sixteen Lunations, 


CoMPARISON OF THE OBSERVED AND CALCULATED Diurnat Tmes at Don 
Negative Heights for Sixteen Lunations, 


No. Observed, Calculated, Difference, No. Observed. Calculated. 
* Feet Feet. Feet. | Feet, Feet. 
1 0:39 0:28 +011 / 10 0-48 0:48 
2 0:40 0°31 +0°09 11 0-60 058 
3 0:45 0-46 —0-01 || 12 0°50 0:56 
4 0°59 0:54 +005 || 13 0:47 0:48 
5 060 0:58 +0:02 | 14 0°32 0:33 
6 0°44 0°48 -004 | 15 0°34 0-29 
7 0-24 0:37 -013 | 16 0°46 0°38 
8 0:24 031 -007 | 17 0:56 0°55 
| 9 | 0-34 0-40 -006 | 


Difference. 


Feet. 

0:00 _ 
+0:02 
—0:06 
-0:01 
-0°01 
+0°05 
+0:08 
+0°01 


Mean Difference = + 0-002 ft. 


ber 227 16% 27, 


DonaGHADEE.—TABLeE (, 


ATED Diurnat Trips at Donaghadee at Low Water: 
commencing 1850, October 12% 4", and ending 1851, Decem- 


No. 


Observed. 


Feet. 
0:60 
0°62 
061 
0-70 
0°35 
0:26 
0°42 
0°57 


DANIAN WHY 


ber 227 16" 27", 


Calculated. Difference. No. | Observed. 
Feet. Feet. Feet.” 
0:46 +0714 9 0-44 
0:57 +0°05 10 0°55 
0°62 -0°01 ll 0-48 
0°62 +0:08 12 0:36 
0-43 —0:08 13 0:46 
0-43 -0°17 14 0:60 
0-41 +001 15 0:59 
0:50 +0:07 | 16 | 0:65 


Calculated. Difference. 
Feet. Feet. 
0°59 --0'15 
0:64 —0°09 
057 -—0:09 
0°52 —0:16 
0°39 +0:07 
0-42 +018 
051 +0:08 
061 +0:04 


Mean Difference = — 0-002 ft. 


DonaGHADEE.—TaBte D, 


aghadee at Low Water; 
commencing 1850, October 12% 4%, and ending 1851, Decem- 


No. 


DARBARWNHH 
iS) 
cr 
RS 


Observed. 


Feet, 
0:46 
0°66 
0:55 
0:60 


Calculated. Difference. || No, Observed. Calculated, Difference. 
Feet. Feet. sera Feet. Feet. Feet. 
0°55 —0:09 9 | 0°66 0°68 — 0:02 
0:66 0-00 10 0°60 0:64 —0°04 
067 -—0712 | 11 0-60 0-52 +0°08 
054 +006 12 0-45 0-47 — 0-02 
0°52 +001 | 13 0°40 0°42 -—0:02 
0-42 —0:07 | 14 0-60 0-47 +013 
0-46 +0:03 | 15 0:72 0°62 +0°10 
057 Lo O02" 16 0-74 0°67 +0:07 


Mean Difference = + 0-006 ft. 
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DoNAGHADEE.—TABLE E, 


Dirrerence of Observed and Calculated Times of Vanishing of Diurnal Tide at Donaghadee, at High 
Water, expressed in Lunar Days. 


Acer or Lunar TE = 6? 5%. 


j ] | 
No. Difference. No. Difference. | No. Difference. | No. Difference. | 
Days. Days. Days. Days. 
1 —0°65 10 +015 18 —0°35 26 +0°65 
2 —1:25 11 +115 | 19 +0°75 27 —1:35 
3 —3°65 | 12 +1:05 | 20 —1:45 28 —0:05 
4 —2°35 13 +165 21 +0°60 29 —1:05 
| 5 +1:20 14 —1-20 22 —0°25 30 ~0:35 
| 6 0:00 15 +0°65 | 23 +0715 31 +0°55 
| 7 +405 16 -1:10 | 24 -—2°00 32 —0°60 
8 +0°30 17 +1°75 25 +0°25 33 +1:90 
9 +0°95 | 


Mean Difference = + 0°003 Days. 


DoNAGHADEE.—TABLE F. 


DirrERENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Donaghadee, at Low 
Water, expressed in Lunar Days. 


Acer or Lunar Tiwe = 5¢ 2". 


| No. | Difference. | No. Difference. No. Difference. No. Difference. 
Days. | Days. Days. Days. 

| 1 +0°10 | 10 +110 18 40:20 26 41-75 
2 +1:00 1] —1:45 19 -0°55 27 40°75 

| 3 —0°45 12 ~1:10 20 +115 28 —1:05 

14 | -+1:00 13 ~0°95 2) ~0°65 29 +160 

| 5 | +0:20 | 14 —0:05 22 41-45 30 +1:30 

| 6 —2:80 15 0:40 23 -0:35 31 +0°75 
Wf —0.65 | 16 ~0:90 24 40°85 32 —1:35 
8 | +1.30 | 17 ~0:10 25 ~0°20 33 ~2:00 
9 +0°85 


Mean Difference = + 0:010 Days. 


The agreement of the Observed and Calculated Diurnal Tides, shown in 
the preceding Tables, is excellent. 
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Diurnal Tide at Diurnal Tide at Diurnal Tide 
Date. High Water. Low Water. | Date. High Won 
1850. | 1861. 
Dec. 8 Jan. 20 Lp. M. +°193 
9 —"393 000 21 +275 
10 —"243 +:218 | 22 +°625 | 
Il —*443 +562 | 23 +568 
12 175 +°325 | 24 +131 | 
13 -—300 +°750 | 25 +°250 
14 | 7am. —"762 | lem +°606 26 +°412 | 
15 - --456 +1:293 27 «| 8ibe.m. +7112 
16 -18] +1:318 28 —-200 
17 —168 +418 29 — ‘281 
18 —'250 -018 30, 31 — 231 
19 —'156 —-200 | Feb. 1 — "037 
20 000 +118 | 2 +°025 
21 12.15 P. M. +062 6.15 P.M. +012 3 —*393 
22 - 062 +143 | 4 | —656 
23 -143 +°087 | 5 -*731 
24 +:131 000 6 —*856 
25 +012 +050 7 — ‘787 
26 -'018 —-400 8 - 475 
27 +300 --743 | i) —031 
28 | 7.30rM 4-33] —443 10 —*356 
29 +°243 +:050 | ll 6.30 A.M. -'118 
30, 31 +262 +312 12 +-062 
13 +112 
14 +075 
1851. 15 4+:225 
Jan. 1 —031 +:218 16 +162 
2 +293 +612 | +468 
3 —'006 +:218 18 | 12.30r.m. 4.619 
4 —"450 | s45am 4-218 19 | +493 
5 —-425 +150 | 20 +456 
6 — "368 +250 21 +443 
if — 468 +:200 22 +275 
8 —431 +°293 23 +175 
9 —"706 +550 24 +-075 
10 — 550 +718 25 | 87m. —-031 
11 —525 +493 26 —:106 
12 — 343 +:468 27, 28 —:287 
13 730a.m, —'043 | 1p.m +843 | Mar. L — +343 
14 -'118 + 381 2 —387 
15 +468 --100 | 3 —-437 
16 +018 ~281 | 4 — 393 
17 +218 —475 5 —-093 
18 +'250 ~'487 6 —431 
19 +368 —"300 | 7 — "343 


Diurnal Tide at 
Low Water. 


—050 
—"425 
—*550 
—"431 
— 506 
—'150 
—"393 
— 2:000 
— 1-300 
— "362 
+°250 
-—125 
-—018 
+443 
+°262 
+°512 
+°493 
+331 
+081 
+1438 
+093 
+062 
+143 
—+212 
—'206 
—*250 
—-068 
--318 


645 P.M. 


6 A.M. 


12.30. 


6.15 P.M. 


—231 | 


306 | 


— 162 
= 112 
~'056 

000 


+°106 | 


+087 
+093 
+°112 
+043 
+093 
+106 
—087 
+037 
—'012 
— 037 


6.15 A.M. 
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Drurna Tink at Kingstrown—continued. 
| D: Diurnal Tide at Diurnal! Tide at | Dat Diurnal Tide at Diurnal Tide at 
| ates High Water. Low Water. | Ble: High Water. Low Water. 
3 | ——— 
| 1851. | 1851. 
Mar. 8 —150 | —"156 | April 23 —‘181 +443 
9 —-300 | -618 || 24 —"112 +593 
10 —:006 —"037 | 25 SPM —'081 +°575 
11 +°137 —*225 26 —'050 +450 
12 6 A.M. +062 45am. —*243 || QT —'025 +175 
13 087 | —131 |} 28 —-062 4025 
14 +:056 | — "287 | 29,30 | — 037 —*006 
15 +062 | -400 | May 1 | 143 +006 
16 +1193 | ~531 || 2 ="125 —-037 
17 +'287 —456 3 —025 | 6am —'100 
18 +°287 | —'318 4 —056 ~'093 
19 Wisp. 4:256 | 6l5e.x. —+250 || 5 —'037 +081 
20 +°656 000 | 6 +056 —-162 
21 +°450 +006 || T +143 —-456 
22 +:275 — 056 | 8 +306 --312 
23 +306 | 000 | 9 +118 —525 
24 +'181 | +:168 10 615am. +143 | 1230r.m. —+393 
25 +106 | —-156 | ll +112 —112 
26 | 715 r.M. ‘000 | +112 || 12 | —-018 —-362 
An | +031 4-262 | 13 | +062 ~437 
28 —100 | +212 || 14 | +:137 =i 
| 29 — 256 | +°218 | 15 +:087 -168 
| 30,31 —300 +075 || 16 +068 +:012 
| April 1 --018 +156 || 17 | w2a0r.m, 4137 | 6dr. — —-006 
2 | --100 4275 18 +168 —-062 
| San —"131 | 6am. +212 19 —-075 4250 
4 —181 | +081 20 —-287 4450 
| 5 ~"025 | +006 21) — 500 4356 
| 6 +062 | —162 PPL || —+350 4443 
7 +031 | ~-218 235 —-293 +506 
8 +031 | — +225 24 | 7e™. —-150 +500 
| 9 +062 | —-237 25 | —-062 4-412 
10 +050 —181 26 —-087 +175 
1] 0 7am, —018 | 1e™. — 381 27 +012 +006 
| 12 +043 | --900 28 ~-025 4:037 
13 +025 | —-625 || 29, 30 -143 +181 
14 +075 | — 581 | 31 +031 — 018 
| 150 9) +162 | ~-443 | June 1 4175 —118 
16 | +'162 | —437 2 +°150 |=6154.me)  _-093 
yf +'131 | —181 3 +043 +043 
| 1B) | aie aay | ee Os -O3N | 4 | --056 —125 
19 4-262 | +-243 || 6 | 4331 ~-006 
20 +018 | +287 || 6 | +168 "550 
21 —'337 +:350 |) 7 —-148 — 812 | 
22 —'312 | +:387 || 8 | —318 —581 


Diurnal Tides on the Coasts of Ireland. 


Drurnat Tre at Kinestown—continued. 


105 


Diurnal Tide at Diurnal Tide at D | Diurnal Tide at Diurnal Tide at | 
Date. High Water. Low Water. ae High Water. Low Water. t 
| | 
1851. 1851 
June 9 7.15 A.M. —*312 | 1pm —400 | July 25 | +°087 +°2438 | 
10 +087 —-350 26 | +162 —-056 | 
11 +'068 —275 Cy +075 -018 | 
12 —-018 +106 || 28,29 | --043 +100 
13 +256 — +025 30 +°206 | 5304.0. —350 | 
14 — 025 +112 | 31 +°218 —-212 | 
15 —'218 +°318 || Aug. 1 | +°187 —'375 
16 | 245r.m. -'256 | 630r.0  +-300 2 | +400 —'550 
17 — 306 +-375 nal +537 —456 | 
18 —"237 +437 4 +°275 —125 | 
19 — 387 +400 5 +087 —'125 
20 — 512 +481 6 | otsamu +°112 | w290r_. —-331 
21 — 387 + +562 Tf +°006 -118 
29 —*268 ++350 8 —'112 +056 
93 | 7pm. ~—125 +:100 |) 9 —'162 +118 
24 — 043 —-106 10 +°025 +°050 
25 +°062 +-037 Tt =-231 +150 
26 +181 +112 12 “000 +243 
4-212 +-075 13 | Bibem ~°350 | 545r.u. 4-081 
+'131 — 025 14 —*225 +168 
+°093 —150 || 15 “000 —'031 
+'193 | 5454.0. —318 16 -'131 —:250 
2 +°312 —387 17 —*343 +:068 
3 +°300 — 506 18 —400 +1381 
4 +°331 —-568 | 19 —-200 +312 
5 +°337 —-612 | 20 —+225 +418 
6 +°025 —-281 21 6l5rm. +°143 +156 
Py +050 —-256 |) 22 +393 +025 
8 | e45am +°212 | 12457.m. —-456 || 23 +'100 —-256 
9 +:006 —-250 24 —175 —-425 
10 +°037 —-118 25 —-062 +:181 
11 — 068 +037 26, 27 +187 —:187 
12 ~ 275 +:225 | 28 +456 | 515a.0. —568 
13 —-456 +312 29 +406 —"425 
14 —093 +-468 30 +°393 -381 
15 12.30r.m, —'O25 | 6r.m. + +362 Syl +°087 —-256 
16 —°031 +225 || Sept, 1 | +143 —-100 
17 —°056 —-031 2 |) +-262 +:025 | 
18 —200 —:093 || 3 +-100 +075 
19 +:050 +:137 4 6.304". +:075 | y45au. —'006 
20 +°375 +118 aa —'143 +018 
21 — 212 +243 6 —*206 —-006 
22 -112 -—-068 Ff =-143 +:043 
23 7PM —*300 —-112 8 -'137 +*300 
24 — 256 | +112 9 --300 +293 
| 
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Drurnat Te at KincstowNn—continued. 


Diurnal Tide at Diurnal Tide at D Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. MEE High Water. Low Water. 
1851. 1851. 
'Sept.10 | -"150 --018 || Oct. 27 +143 } 5s0a.0. +:106 
| LL —'100 +193 || 28 -—093 —'106 
| 12 15pm. +356 | 545e.m. +:112 || 29 —*281 —:006 
| 13 —"162 +-168 |} 30 —°387 +112 
| 14 | —°406 +137 |} 31 +144 +7387 
| 15 | —-312 +131 Nov. 1 —+206 +'262 
16 -'181 +:093 2 +275 +181 
a | -—131 —"025 || 8 | tam —'275 | 15pm +°462 
13) | —*025 —'012 || 4 — 075 +381 
19 +:043 | -'106 || 5 —-206 +362 
20 645pM. +150 | —*262 || 6 —'193 —-012 
21 +162 --418 of = 037 —:262 
| 22 +°256 | — 487 8 —+293 +118 
23 ++250 —*306 9 — 493 +°212 
24 +°325 -143 10 | u45amx. -087 | 515.0. +7206 
25, 26 -175 —*393 11 209 : 
27 —-062 | s45a.u. "343 12 
28 +256 -—'306 13 
29 +:206 = 137 14 
30 +°231 ~:068 15 
Oct. 1 +125 +:050 16 
—:243 +087 17 
—+425 +:337 18 
TAM. -"100 | 1245p. 4°443 19 
—+250 +075 20 
—175 +181 21 
+'087 ‘000 22 
—"512 +200 23, 24 “ 
— "443 +°331 25 2 545 A.M. . 
— "293 +106 || 26 C —-081 
U45a.m. —+325 | 5P.m 4343 —-012 +050 
—"506 ~-006 — "450 +°431 
—-006 162 —-450 +:437 
slight —~*362 =512 +625 
—-087 —425 5 —-418 +:331 
+:018 —'156 2 7AM. —-187 | 1215r.m +°343 
—-100 —175 3 —-050 +656 
+181 —-237 4 =112 +518 
+400 — 575 5 --012 +°300 
7.45PM. 4++137 —-481 | 6 +:031 +237 
-—-193 —-493 7 —162 —-006 
+-100 — 587 8 +243 +:250 
+:106 —'425 9 +:493 +°637 
+193 —*368 10 Noon. 4-218 | 45am 4°106 
+243 ~-081 11 +:031 306 
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Drurnat Tipe At Kingstown—continued. 


Diurnal Tide at | Diurnal Tide at Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. Date. High Water. Low Water. | 
1851. | |} 1851. | 
Dec, 12 +°243 | —'281 || December | 
13 +°312 | -"406 | 22,23 | —093 | +181 | 
14 +431 | —'543 24 ; | 515 4.M . | 
15 +°225 | = "331 25 5 
16 "050 | —"656 26 
17 630r.M. +4+168 -"900 27 
18 +°318 | —°806 28 
19 +218 | --412 | 29 
20 +-200 | — 175 | 30 
21 +143 | +075 31 


The Solar and Lunar Diurnal Tides at Kingstown were obtained separately, 
as before, from the preceding Tables, and found to give the following results :— 


I.— Diurnal Tide at High Water. 


. Maximum value of Lunar Tide for Positive Heights =0-285 ft. 
. Maximum value of Lunar Tide for Negative Heights = 0°34 ft. 

. Maximum value of Solar Tide =0-255 ft. 

. Diurnal Solitidal Interval = 10" 26”. 

. Age of Lunar Tide = 64 17". 


oP ow do 


U.—Diurnal Tide at Low Water. 


1. Maximum value of Lunar Tide for Positive Heights = 0-27 ft. 
2. Maximum value of Lunar Tide for Negative Heights = 0-40 ft. 
3. Maximum value of Solar Tide = 0-255 ft. 

4, Diurnal Solitidal Interval = 10* 26". 

5. Age of Lunar Tide = 4¢ 11". 


Adding the first two of each of the preceding, we find, 
P2 
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Range of Lunar Tide at High Water = 0°625 ft. 
Range of Lunar Tide at Low Water = 0:670 ft. 
Hence, by equation (3), 
.,  0°625 , 
cot (mM —in) = 0670 = oot (47°), 
or, converting the arc into time, 


M —%m = 3° 14”; 


but since m is the Moon’s Hour-angle, in Kingstown time, at High Water, and 


is equal to 10" 53”; we find, 
Ome (gts he 
By equation (4), we have 
Maximum value of 2M sin 2u =./(0°625)? + (0°670) = 0'916 ft. 


From which we obtain 
M=0°690 ft. ; 


also, since the maximum value of the Solar Tide is 0°255 ft., we find, 


Max. value of 2S sin 26=0°510 ft., 
and, 
S=0°348 ft. 


Combining these results, we obtain as Tide Constants at Kingstown :— 


1. Lunitidal Interval = 7* 39”. 

2. Solitidal Interval = 10" 26”. 

3. Age of Lunar Tide at High Water = 67 17°. 
Age of Lunar Tide at Low Water = 4? 11*. 

4. Lunar Coefficient = 0°690 ft. 

. Solar Coefficient = 0°348 ft. 

6. Ratio of Solar to Lunar Coefficient, 


On 


or a 0°504. 


The Theoretical Tides were carefully constructed with the foregoing Con- 
stants, and compared with the observed Tides. The results of the compari- 


son are contained in the following Tables: — 
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Kinastown.—Tasie A. 
ComPARISON OF THE OBSERVED AND CaLcuLaTeD Diurnau Tipes at Kingstown at High Water ; 
Positive Heights for Thirteen and one-half Lunations, commencing 1850, December 19" 3", and 
ending 1851, December 22% 14” 30”. 


No. Observed. Calculated. Difference. No. Observed. Calculated. Difference. | 
| | 
Feet. Feet. Feet. | Feet. Feet. Feet. 
1 0-28 0:29 -0°01 8 0:33 0:32 +001 
2 0°32 0:38 0°06 9 0°36 0-41 — 0:05 
3 0:50 0°36 +014 10 0:37 0.39 - 0°02 
4 0°35 0°29 +0°06 11 0:27 0:29 -002 | 
5 0°16 0-19 —0:03 12 0:20 019 +0°01 | 
6 0-17 0°16 +0°01 * |} 13 
if 018 0°25 -0:07 14 0:28 031 - 0°03 


| Mean Difference =— 0-005 ft. | 


Kinestown.—Tase B. 
CoMPARISON OF THE OBSERVED AND CALCULATED DiurnaL Tings at Kingstown at High Water; 
Negative Heights for Thirteen Lunations, commencing 1850, December 19% 3", and ending 1851, 
December 9% 8" 30”. 


No. Observed. Calculated. Difference. || No. Observed. Calculated. Difference. 
Feet. Feet. Feet. | Feet. Feet. Feet. 
1 0°53 0-40 +0°13 7 0-42 0°39 +0°03 
2 0-70 0-44 +0:26 8 0:26 0-46 - 0°20 
3 0°40 0-40 0:00 9 0:26 0-44 -0:18 
4 0:24 0:28 —0°04 10 0°35 0-41 -0:06 
5 0:22 0:22 0:00 Hielil 0°33 0:29 +0°04 
6 0°36 0°30 +006 12 0:22 0:26 —0°04 
Mean Difference = 0-000 ft. 


Kinestown.—TAas.e C. 
Comparison oF THE OBSERVED AND CaLcuLaTeD DiurwaL Ties at Kingstown at Low Water; 
Positive Heights for Thirteen Lunations, commencing 1850, December 30° 1" 3", and ending 
1851, December 20? 14" 41”. 


No. Observed. Calculated. Difference, No. Observed. Calculated. Difference. | 
Feet. Feet. Feet. Feet. Feet. Feet. 

1 065 052 +0713 8 0°36 0°39 —0°03 

2 0-41 0°42 -0-01 9 0:27 0:29 —0°02 

3 O11 0:27 -—0:16 10 0°20 0°25 -—0°05 

4 0:25 031 — 0°06 11 0:28 0°30 —0°02 

5 0:55 0°39 +0716 12 0°39 0:40 -0°01 

6 0°50 0°47 +0:03 13 052 0°51 +001 

ih 0°50 0°52 —0:02 


Mean Difference = — 0:004 ft. 
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Kinestown.—T ase D. 


CoMPARISON OF THE OBSERVED AND CaLcuLaTepD Diurnat Ties at Kingstown at Low Water; 
Negative Heights for Thirteen Lunations, commencing 1850, December 30 1" 3", and ending 1851, 
December 20% 14” 41”. 


| No. Observed. Calculated. Difference. | No. Observed. Calculated. Difference. 
i] 
| Feet. Feet. Feet. Feet. Feet. Feet. 
Hil 053 0°56 —0°03 8 0°45 0-45 0:00 
|e 0:28 0:43 -—0715 9 0°45 0:43 +0°02 
| 3 0-42 0:39 +003 10 0°42 -0-40 +0-02 
| 4 | 0:54 0-44 +010 11 0°53 0-47 +0°06 
5 0-45 0°53 —0:08 12 
6 0-48 0°58 -0°10 13 0-70 063 +0°07 
fai 0°56 0:57 -0°01 


Mean Difference =— 0:006 ft. 


Kinestown.—Taste E, 


DirreRenck of Observed and Calculated Times of Vanishing of Diurnal Tide at Kingstown, at High 
Water, expressed in Lunar Days. 


Ace or Lunar Tipe = 67 17". 


| No. Difference. No. Difference. No. Difference. No. Difference. 

Days. Days. Days. Days. 
1 +2:°7 8 —2°8 15 -0°5 21 -0°5 
2 +07 9 —0'5 16 +1:0 22 +07 
3 +0°7 10 +07 17 -0°5 23 -1:8 
4 +06 101 +22 18 -0°5 24 -0°5 
5 +05 12 0-0 19 -0°3 25 -—1°5 
6 -0'°5 13 +0°5 20 -1°0 26 +0°3 
7 +2:0 14 -17 

Mean Difference = + 0:000 Days. 
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Kinestown.—Tas.e F. 
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DirFERENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Kingstown, at Low 
Water, expressed in Lunar Days. 


AcE or Lunar Tipe = 47 11", 


No. Difference. No. Difference. No. Difference. No. Difference. 
Days. Days. Days. Days. 
1 +0°3 8 -10 15 +05 {| 22 ie! 
2 —2°3 9 -0°7 | 16 -0°7 23 -0'°3 
3 +01 10 -01 17 = (18) 24 +0°4 
4 +2:2 ll -16 18 -O0'1 25 +2°7 
5 +0°9 12 +12 19 +1] 26 +22 
6 -17 13 +0°5 20 -0°3 27 —0°3 
Meal —4:5 14 -0'°3 | 21 +11 
Mean Difference = + 0°004 Lunar Days. 
Section XI.—Diurnat Tine at Courrown. 
Diurnal Tide at Diurnal Tide at Dat Diurnal Tide at Diurnal Tide at 
Date High Water. Low Water. ate High Water. Low Water. 
| 
1850. } 1850. 

Nov. 1,2 +°321 | —'068 || Nov. 18 —*312 —*093 
3 +406 | —"093 19 —°062 — "037 
4 +'256 | +1125 20 +400 ~012 
5 +075 —'168 21 +056 -181 
6 4.1143 -031 22 9AM —"056 | 5r.™. +°075 
7 —"037 —'068 23 +012 +050 
8 +087 —-056 24 +406 -—*112 
9 -'1438 +087 25 +281 +100 

10 —"206 +156 26 +°300 +°106 
11 +°025 -018 27 +006 - "125 
12 —062 —256 28 +°087 —°268 
13 +°006 —"375 29 4.15PM.  +*287 —100 
14 —"012 | 5804.m. — +325 30 +°300 —'237 
15 —'193 -418 || Dec. 1 +°175 —"156 
16 —*381 —-193 2 +100 —*243 
17 —'412 —'137 3 “000 —"256 
| 
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Divrnat Tipe at Courtown—continued. 
Diurnal Tide at Diurnal Tide at Dat Diurnal Tide at Diurnal Tide at 
ee High Water. Low Water. Bee High Water. Low Water. 
1850. 1851 
Dee. 4, 5 —-256 ‘000 || Jan. 18 +°350 ~-225 
6 — 075 | 4204 —-187 | 19 +462 —*206 
7 - "006 +°012 | 20 | 9am. +168 | 5i5r.0. +:075 
8 —-156 +006 | 21 +°368 —-125 
9 —:237 —018 22 +643 ~-318 
10 —-193 —"243 23 +°243 —-068 
11 —-118 —-006 24 4112 _ +143 
12 — 037 + °393 25 +181 : 
13 —:087 +°231 26 +175 
14 +162 —"075 27 2.45 P.M. “000 . 
15 +543 4°262 28 4/131 4-175 
16 +418 +°006 29 +°243 +162 
17 + ‘387 +1300 30 —231 -000 
18 +312 +°081 31 —168 —-006 
19 +062 ~-225 || Feb. 1 =137 +°137 
20 +:031 —°006 2 —+368 4:125 
21 84am. +:°312| 4307.0. —'056 2 s45p.x. —'400 ~-100 
22 +°243 "162 4 —318 —-412 
23 +:350 —‘212 5 —-462 ~+393 
24 +°300 +°100 6 — +487 —*381 
25 +175 +193 uf —'318 ~+387 
26 +081 —*006 8 —-087 ~375 
2 —:056 +*043 9, 10 +037 —+200 
28 3.15PM. +4406 +°218 11 2a.M 4:3381 | 45am. 4-075 
29 +°331 —'031 12 +:237 —131 
30 +193 +°062 13 +:031 —~-012 
31 +062 +081 14 +056 +100 
15 +°087 +:137 
1851. i 16 +187 +193 
Jan. 1 +150 —'162 17 4+:225 +168 
| 2 +:156 +°087 18 84am. +4°268 | a30e.m +062 
| 3 —-287 +°087 19 +°318 —-031 
4 9PM —'275 —"043 20 +°343 +018 
5 —143 +093 21 +°218 —-118 
6 —-206 —'093 22 +112 --031 
ia =—"125 —'237 23 —+168 —037 
8 —193 —'337 24 ~-150 4-068 
9 —:206 =i|5h 25 445p.m. +150 | 930rPm 4-018 
10 —175 +212 26 —'150 025 
11,12 —"125 +°306 27 -—'175 —018 
13 —-212 | ua». +°506 28 —:037 +:050 
14 —°212 +°331 Mar. 1 —'243 —:037 
15 +°381 -—"062 2 —*300 —°062 
16 +'037 +°106 3 — +262 ~:056 
17 +250 -'018 4 —244 +056 
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Diurnat Tipe at CourrowNn—continued. 
Diurnal Tide at Diurnal Tide at Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. Datey High Water. Low Water. 
1851. 1851. 

Mar. 5 945r.m. —'093 —212 ||April 21 —'256 +7100 
6 —'143 —"093 22 -— 006 +200 
uf +018 —'087 23 +'168 +256 
8 —'168 —'137 24 +112 +343 
9 —-112 —-250 25 | crm —-450 +993 

10, 11 —-043 -— 143 26 =" 7 || —°093 
12 | 75am. +7056 | 10454. +056 27 +068 --081 
13 +006 -"037 28 +081 -131 
14 +025 +°243 29 -—"143 -—'131 
15 +:187 +°287 30 -'"137 +081 
16 +:243 +°250 May | —'087 +081 
17 +°425 ++243 2 —'031 -—"056 
18 +-300 +137 3 | 920r.M. +-056 —-087 
19 s20am. +°300 | 415r.0. 4-256 4 +:137 —137 
20 +-425 +:275 5 +:231 —131 
21 +:175 +:187 6 +-268 ="112 
22 . +:175 +087 7 +-225 —-031 
23 +°243 —'150 8,9 —+187 =231 
24 +156 —162 10 | 64a. -.050 | 4t54.m. —-493 
25 +-162 —*231 11 +043 —-487 
26 9p. a — 081 —°225 12 +:312 | -—°337 
27 4-031 ~'187 | 13 +-293 ~-23] 
28 —+150 e237 14 4-925 —-150 
29 —-050 —2)12 15 +-162 —025 
30 —-200 =52, 16 +-100 +081 
31 =1125 —'043 17 845aM. —-025 | 4390r.m. +°156 

April 1 —-143 —"150 18 —-062 +:193 
2 —-250 —'093 19 —-112 +150 
3 9.10 P.M. =.937 +°025 20 —-181 —-125 
4 —-162 +150 21 —-206 -—318 
5 +:050 +150 22 “000 —300 
6 4-118 +093 23 +:056 =-150 
7 +-050 — 068 24 7.45 P.M. +-]81 +:343 
8 —-087 —'150 25 —-181 +162 

9, 10 --081 —*225 26 —-037 +:087 
1] | 8154 ~.068 | w15P.m _-237 27 —:068 +093 
12 -- 000 =-312 28 ~-093 +:137 
13 +293 —"387 29 —-068 +068 
14 +°356 --312 30 --075 -018 | 
15 +1356 -"393 31 +068 --043 
16 +:268 —-393 || June 1 4131 —-087 | 
17 4-106 —-018 2 | os0r.u. +°168 —-256 | 
18 | au 4-012 | bru. = 4-250 3 +187 —-462 
19 -112 ++200 4 +350 281 | 
20 —218 +131 5 +°231 —-050 | 
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Diurnat TiveE at Courtown—continued. 
7 ae 
1 Date Diurnal Tide at Diurnal Tide at |! Date Diurnal Tide at Diurnal Tide at 
4 High Water. Low Water. | a High Water. Low Water. 
2 See es eee _|| 
Pease. | 1851. 
cane | —-218 -081 || July 23 | orm.  —-006 +181 
Tosh | +°237 +137 || 24 —*056 +112 
9 | 345a.m.  -+°187 | Noon. —'050 i 25 —'137 +:006 
10%] +°3381 | —'156 || 26 -—'031 — 100 
11 +:237 —"087 | 27 +:075 —'156 
12 | +018 +012 | 28 +143 —-212 
13 —'137 +:012 | 29 +381 —"362 
| 14 -—'143 +137 30 9 P.M. +450 —-075 
15 —'362 | +°206 31 +462 —:025 
| 16 8.45 A. M. —"393 | srw. +218 Aug. 1 +568 —:218 
17 —"350 | +106 | 2 +625 —'148 
18 —°406 -018 3 +456 —075 
19 —'293 —'131 4,5 +:225 -—112 
20 — 156 —"312 6 7AM. +100 | 1230r.m. —+150 
21 — "037 —'375 7 +062 +012 
22 -018 -"175 8 =075 -018 
23 815p.m. +°125 +'281 9 —200 —"056 
24 +112 +°250 10 —:275 —*012 
25 -112 +181 11 —+287 +006 
26 — 168 +081 12 —-343 +143 
27 — 037 +087 13 Sam. — "337 | ¢P.™. +:106 
eras +1025 | —-018 14 —-268 +075 
29 +100 -'106 15 —"331 +°206 
30 +281 —'206 16 —-275 +°168 
July 1 9.35pm. +425 — 206 17 -—181 —-068 
| 2 +425 —"281 18 —-062 —*212 
| 3 +°275 —075 19 “000 +112 
4 +318 —'050 20 +006 +:050 
5 +581 — 275 21 745P.M. +:°225 — 062 
6,7 +393 —193 22 +337 +056 
8 ta ee +150 | lam 997 23 +131 +043 
9 +181 —-150 24 +°375 —"068 
10 +°125 +068 25 +°281 —175 
ll —-043 +187 26 +318 — 262 
12 -143 +:162 27 +556 —*343 
13 —"393 +181 28 oP. Mt, +568 -— 143 
14 —-400 +°293 29 +:368 +118 
15 820a.m. —475 | #15eM 4-343 30 +:475 +:131 
16 | - "506 +100 31 +400 —.037 
17 ~*506 -—093 || Sept. 1 +350 —-012 
18 -418 —'243 23 +218 +075 
19 —-206 —-400 4 7AM. +°118 | 12.30r.m. +168 
20 —200 —"456 5 — 050 +:143 
21 —'087 —"343 | 6 -—162 +193 
22 —"050 +131 | ( —'093 —'231 
| || 
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Driurnat Tie at Courtown—continued. 


Diurnal Tide at Diurnal Tide at Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. ats: High Water. Low Water. 
1851. 1851 
Sept. 8 +7050 —'143 || Oct. 24 +375 —'087 
9 — "368 +506 25 +256 +°006 
10 512 +°137 26 +'231 +043 
1] —462 + 012 Osi 9.30r.m¢. +°031 +006 
12 | sam —*381 | 320r.m +°068 28 +093 —'037 
13 —306 +056 29 +012 ~-200 
14 —"237 +006 30 +018 -'143 
15 —'200 +°006 ou +°112 +125 
16 —168 -'137 |/Nov.1, 2 +:137 +°281 
17 =a —'187 3 8a.M. —106 10.454.mM. 4°312 
18 000 —043 4 —'106 +156 
19 +:062 +031 5 —'250 +143 
20 SPM. +037 | 1.3046. -—"168 6 —-287 4-087 
21 +:100 -'318 tf —"375 +°125 
22 +°337 —350 8 —°237 +°043 
23 +°331 -"318 9 —"225 —'131 
24 +°250 +025 10 7454.m. —'137 | 3.30 p.m. +050 
25 +°125 -'131 ll —-168 +°312 
26 +°425 —'087 12 +'037 —"050 
27 920e.m.  +'406 +050 13 +062 —'100 
28 +062 +262 14 +018 000 
29 +'256 —068 15 +106 ~*056 
30 +°112 +068 16 +°056 +:056 
Oct. 1 —'018 +°281 17 +056 —'168 
2,3 +093 +381 18 3.30e.m. +°400 | 1.304.m. —*425 
4 8.30a.m. 4°18] | 45r.m. 4°48] 19 +456 -375 
5 —'262 +481 20 +°243 —'268 
6 S83 +'237 21 +:212 —406 
7 —'506 +218 22 +°218 —193 
8 —'575 +143 23 +7300 +:006 
9 —'362 “000 24 —043 +7062 
10 —'281 — “050 25 9.15 P.M. = 062 4+°125 
11 84. mM. —'281 | 3pm. +181 26 +:006 +206 
12 —*418 —-006 27 —*200 —'018 
13 -°012 +006 28 +°037 —*325 
14 —068 —025 29, 30 — 087 HOI 
15 "275 —:062 || Dec. 1 —*100 +'525 
16 +'248 +168 Deets +012 | 5.50.0. 4512 
17 +012 +131 3 —'037 +393 
18 +112 —193 4 = 231 +°068 
19 4+°225 —-343 5 —°300 OS 
20 3p. M. 4°181 | Midnight. —-275 6 —'262 +081 
21 +°331 —-362 7 —*262 +°006 
22 4412 _-337 8 4225 +037 
23 +393 —'218 9 +'037 +°187 
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Divrnat Tipe at CourtowN—continued. 


Diurnal Tide at Diurnal Tide at / Dat Diurnal Tide at Diurnal Tide at | 
Hate: High Water. Low Water. _|| a High Water. Low Water. | 
— = | | 
Vests | | 1851. | 
| Dec.10 | 83040 +037 | 4a5r.u. +°062 || Dec, 21 —012 +°143 | 
i +081 -093 | 92. | 175 +:062 | 
12 +°300 —118 | 23 — 287 —006 | 
13 4+°318 —"231 || 24 | orm. —"262 | +'106 | 
14 OTS | —"237 | 25 -°331 —'162 | 
15 +°281 | —375 | 26 —237 | —"031 | 
16 +°287 —537 || al —218 —143 | 
17 | 245.0. +°337 | eee. > —-450 || 28 —181 "318 | 
1s | +°443 | —331 || 29 --068 —-400 | 
19 +°231 | —"125 30 —031 
20 | +1056 | +037 || 31 | | 

1 


| 


On proceeding to calculate, from the preceding ‘Table, the Diurnal Tide 
Constants at Courtown, I found that it was impossible to construct satisfacto- 
rily the Diurnal Tide at Low Water. The Equinoctial Lunar Tide at Low 
Water was + 0°25 ft.; and this value was the same for the Spring and Autum- 
nal Equinoctial Tides; but on constructing the Tides from the Spring Equi- 
noctial Tide, I could not reconcile it with the Autumnal Tide, and vicé versa. 
I, therefore, abandoned the attempt to reconcile Theory and Observation with 
respect to the Tide at Low Water at this Station, and have only used the Lunar 
Equinoctial tide in height, which was found to be accurately the same in amount 
at both Equinoxes:— 


I.—Diurnal Tide at High Water. 


Maximum value of Lunar Tide for Positive Heights = 0-40 ft. 
Maximum value of Lunar Tide for Negative Heights = 0°40 ft. 
Maximum value of Solar Tide = 0:30 ft. 

Diurnal Solitidal Interval = 5" 1”. 

Age of Lunar Tide = 67 22". 


Il.—Diurnal Tide at Low Water. 


Maximum value of Lunar Tide for Positive Heights = 0°25 ft. 
Maximum value of Lunar Tide for Negative Heights = 0:25 ft. 
Maximum value of Solar Tide = 0°30 ft.? 

Diurnal Solitidal Interval = 5" 1"? 

Age of Lunar Tide = 3¢ 12"? 


bo re 


ou Ce 
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Adding together the first two of each of the preceding results, we find 


Range of Lunar Tide at High Water = 0°80 ft. 
Range of Lunar Tide at Low Water = 0:50 ft. 
Hence ,by equation (3), 
Bea eat (39°) 
cot (mM — tn = HS re 
or, converting the arc into time, 
; M — tn = 2 19": 


but since m, the Moon’s Hour-angle at High Water, expressed in Courtown 
time, is 7" 40”, we obtain 
4,= 5° 28. 
By equation (4), we have 
Max. value of 2M sin 24 =/(0:80)? + (0°50)? = 0:94 3ft. 
From which we find 
M=0°719 ft. 
Also, since the mean value of the Solar Tide is 0°30 ft., we have 


Max. value of 2S sin 2c = 0°600 ft., 

and, therefore, 
S=0°410 ft. 

Combining the foregoing results, we obtain for the Tide Constants at Cour- 


town :— 
1. Lunitidal Interval = 5" 28". 


2. Solitidal Interval = 5" 1”. 

3. Age of Lunar Tide at High Water = 64 22". 
Age of Lunar Tide at Low Water = 3412"? 

4. Lunar Coefficient =0°719 ft. 

. Solar Coefficient = 0°410 ft. 

6. Ratio of Solar to Lunar Coefficient,— 


or 


S 
or um? 570. 


The Theoretical Tides at High Water were constructed with the forego- 


ing Constants, and compared with the Observed Tides. The results of this 
comparison are contained in the following Tables:— 
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CourTowNn.—TABLE A. 


ending 1851, December 31¢ 14" 36”. 


N OF THE OBSERVED AND CaLcunaTeD DrornaL Trpes at Courtown at High Water ; 
Positive Heights for Fifteen and a half Lunations, commencing 1850, November 77 9" 48", and 


| No. Observed. Calculated. Difference, No. Observed. Calculated. Difference. 
| Feet. Feet. Feet. Feet. Feet. Feet. 
ta 0:30 0:25 +0:05 9 0-43 0:37 +0:06 
| 2 0:33 0:35 -0:02 || 10 0°52 0°50 +0:02 
| 3 0-40 0-45 —0:05 1l 0-47 0°50 0:03 
| 4 0°31 0-42 -O-11 12 0:34 0°38 —0-04 
1 0:35 0:38 —0:03 13 0-40 0:27 +0°13 
| 6 0:31 0:32 -0-01 14 0:27 0:23 +0:04 
7 0:22 0:20 +0:02 15 0:35 0:35 0:00 
8 0:27 0:29 0:02 


Mean Difference = + 0-001 ft. 


CoMPARISON OF THE OBSERVED AND CatcuLaTeD DrurnaL Tipes at Courtown at High Water; 
Negative Heights for Fifteen and a half Lunations, commencing 1850, November 7° 9" 48", and 


Courtown.—TABLe B. 


ending 1851, December 31° 14" 36”. 


No. Observed. Calculated. Difference. No. Observed. Calculated. Difference. 
Feet. Feet. Feet. Feet. Feet. Feet. 
1 0:30 0:20 +0°10 9 0:38 0:25 +013 
2 017 0:22 —0:05 10 0:47 0°39 +0°08 
3 0-20 0:28 —0:08 ll 0:34 0:45 -O1l 
4 0°45 0:45 0-00 12 0-46 0-48 —0:02 
5 0:27 0-42 -0°15 13 0:50 0°33 +017 
6 0:23 0:32 —0:09 14 0:30 025 +0:05 
7 O17 0:24 -0:07 15 0:25 0°25 0:00 
8 0:20 017 +0°03 16 0°30 0:33 - 0:03 


Mean Difference = — 0:002 ft. 


DirrerENcE of Observed and Calculated Times of Vanishing of Diurnal Tide at Courtown at High 


Courtown.—TAaBLe E. 


Water, expressed in Lunar Days. 
Ace or Lunar Tie = 6% 22". 


No. Difference. No. Difference. No. Difference. No. Difference. 
Days. Days. Days. Days. 
1 +031 9 -—1:99 17 +0°41 25 +0°31 
2 +0°81 10 +031 18 42°31 | 26 2:44 
3 +011 11 +0°31 19 +156 | 27 +0:06 
ine -1:94 12 +156 |] 20 +156 28 +0°81 
| 5 +0°81 13 -~0°94 21 +081 29 +1:31 
| 6 +081 14 -5:19 22 —1:69 | 30 +081 
ei +1:31 15 -179 23 +0:21 381 +0°81 
| 8 —1:44 16 —0:44 24 +0°41 


Mean Difference = — 0:004 Days. 
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The agreement between Theory und Observation, shown in the preceding 
Tables, is very satisfactory, and were it not for the difficulties presented in the 
Low Water Observations, we would consider the Tides at Courtown well re- 
presented by the Theoretical Tides. 
Observation at Courtown is probably connected with the peculiarities of the 
Courtown Tides, which have been brought to light by the Astronomer Royal, 
in his discussion of the Semidiurnal Tide at this Station. 


Section XII.—Drurnat Tink at Dunmore Easr. 


This discrepancy between Theory and 


Diurnal Tide at Diurnal Tide at Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. Date. High Water. Low Water. 
1850. 1850. 
Nov. 1 +175 +'034 | Dec. 5 —'043 — "262 
2 +128 +118 | 6 | 7m —"056 —"256 
3 -"031 +381 7 —081 —-062 
4 —"134 -'018 8 +°037 —°062 
5 +081 +°018 || 9, 10 ="125 — +225 
6 —"003 —"065 | 11 -"193 =175 
7 | 780eM — +°103 -'034 12 ~*275 —-212 
8 —'093 —081 13 —'162 —'125 
9, 10 —"159 ="215 || 14 —"118 | 645amu -—-+156 
11 —165 —'231 | 15 —"306 —-437 
12 —"243 —'243 | 16 -'181 —°306 
Pe oT3Z -—'181 —'162 17 =218 -—018 
14 ="156 | 645 a.m. -'106 18 —"106 — "343 
ae 15 —"290 —'071 | 19 +050 —"356 
16 —'237 —"046 |, 20 +125 +:068 
17 —°303 —'112 21 6.30 A.M. +193 | Po0rm. 4-537 
18 090 —'268 || 22 +018 +700 
19 +168 - "337 23 +081 +:206 
20 — "362 —'1038 24 +168 +062 
21 —"246 +°053 25 +187 +031 
22 7AM. —050 | 15pm = 4°03] || 26 +°456 +456 
23 +168 — "084 27 +331 +181 
24 +434 +°012 | 28 1pm. +275 | 7.30r.m. +150 
25 +°025 +112 | 29 +'518 +°175 
26 +246 +°084 30 +106 —'031 
27 +153 000 31 —"162 +093 
28 — "262 -018 | 
29 | lorem +:062 | 7454.0. +°050 1851. 
30 +200 -—037 | Jan. 1 —"193 +112 
Dec. 1 +306 —078 2 ="325 —:081 
2 +087 —'100 3 —'100 =:187 
3 000 — "043 4 715 P.M. +487 —°225 
a -'156 —'087 5 — 068 + 200 
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Drurnat Tiwe at Dunmore East—continued. 


| | 
| Diurnal Tide at Diurnal Tide at Diurnal Tide at Diurnal Tide at 
| Date. High Water. | Low Water. | Date. High Water. Low Water. 
| 
) 1851. | 18651. 
Jan. 6 —'093 —"025 || Feb. 22 —"062 +106 
af +006 —100— 23 —106 +043 
| 8 —'237 —'262 | 24 —"043 —'100 
| 9 — 406 +131 | 25 | W4bpm. —"112 | 75pm -'018 
| 10 —-200 +112 | 26 —037 +'037 
1], 12 —106 | —"025 | 27 —'125 —"056 
| 13 —"356 | 7am —"062 | 28 —'081 -—'100 
14 —012 | —218 || Mar. 1 —056 —*200 
| 15 +562 | -012 | 2 -"075 —'212 
16 - 062 | _ +1393 3 +:200 ~"043 
| 17 +118 +212 4 +:231 —"012 
18 +193 | +'031 5 730r.m. —*106 —012 
19 +218 +°206 | 6 -087 +181 
90 | 7am. —"137 | 15rm  +°368 | Tf —'006 +'093 
21 +'081 +°112 8 +012 —'131 
22 | +250 | —"037 | 9 —"062 Oto 
23 +162 +°018 |} 10 11 +031 — 131 
24 +°212 +°162 12 +°112 | 15am 4-025 
25 +168 +'206 | 13 | -012 —'356 
26 +°043 | -"018 14 + | -'075 —"S20 
27 1PM. -—"031 730r.m,  +°068 15 +°025 ="1295 
28 +200 —"025 | 16 —"162 —"050 
29 +300 —'212 || 17 —"225 —"006 
30 +:093 --062 | 18 -"368 —"106 
31 +°143 +°100 || 19 | 645a.a. —'068 | 1P™. +°275 
Feb. 1 -—056 +062 | 20 | +:087 +400 
2 —'050 +°056 | 21 | -031 +°306 
3 | zea. ="137 = "212 | 22 | 4-243 +212 
4 —"056 —"262 | 23 | +143 +°143 
5 +156 —"150 | 24 —'081 +°056 
6 --043 +418 25 | — 081 —'106 
| 7 =-012 =T1347/ 26 | wise. "150 | 645r. —106 
8 — 025. | -"193 | 2 4 -168 —-250 
|} 9,10 —100 | =a 28 | —-050 —-087 
ll —"031 | 63040. —"025 | 29 —150 —-056 
12 -—056 +°037 | 30 | — 062 — 075 
13 -—-012 000 | 31 -012 —-081 
| 14 +°075 | -043 || April 1 -131 —-056 
| 15 +131 +°087 | 2 — 256 — +362 
16 +106 +7043 | 3 | wm —206 — 443 
| 17 +168 | +131 | 4 —025 — 075 
| 18 645 4m.  4°1]18 | Lem +187 || 5 +081 —-037 
19 +068 | +°212 | 6 +068 — 075 
| 20 +100 | +°006 | 7 +°125 —:050 
21 +106 —"268 | 8 +150 —075 
| | | 
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Drunrwat Tine at Dunmore East—continued, 
LAN = —— 
i 1 Ti iurnal Tide at Diurnal Tide at Diurnal Tide at 
Date. aes ; Paae Water. Date. High Water. Low Water. 
1851. 185] 
April 9,10) +1137 —'037 || May 26 —"206 —-062 | 
pie +°150 | 7am. +050 | Ping -— 056 +062 
12 +193 -'037 28 +012 +°043 
13 +181 — 068 29 +150 +°137 
14 +112 —"043 |] 30 +°068 +°018 | 
15 +.018 +012 || 31 +'118 +018 
16 +'050 -'037 || June 1 +168 — 043 
17 +'031 | -'018 | 2 Tlb am. +°162 — "050 | 
18 7A, M +:025 | lpm +087 4 +°268 — "075 | 
19 —°006 +°087 4 +°275 +'056 
20 —168 +°062 5 +'268 | +'068 
21 —*206 -— 075 6 +°375 +:031 
22 --237 -"012 7,8 +275 +043 
23 —-250 —'087 9 +°118 | 7,304.6. —-106 
24 =137 -'143 10 ="025 +043 
25 W245 p.m. —-256 | 7P. mu. -'068 ll +°018 — 006 
26 --193 - ‘068 12 +006 —*050 
27 =112 -"050 13 -"075 —-100 
{ 28 --006 ="03] 14 Wick) -—'018 
29 +018 —'056 15 — 237 | —-100 
| 30 +°025 —"056 16 7AM. —'287 | 1pm —'075 
May 1 +:012 ~— 062 17 06 -—100 
2 +018 -°037 18 — 243 -— "050 
3 75pm. +:093 +:031 19 -~ 206 —*043 
4 +:125 +°043 20 —'18] | —'125 
5 +:187 +006 21 — "243 -081 
6 +-150 ‘000 22 —*287 -'093 
7 +:093 +'150 23 Noon. —'281 | 6307." —'025 
8,9 +:187 +106 24 —"243 +'106 
10 +362 | 62040  +:006 25 ='237 | -—°037 
11 +212 —-012 26 | ~'137 +:006 
12 --031 +162 27 +056 +037 
13 +:100 +°068 || 28 | +068 | -'156 
14 +075 +037 29 +100 -:168 
15 +075 | +006 30 | +187 | +:037 
16 +037 +043 || July 1 | 715m. 4-998 | +037 
| Ly 645a.m. —'112 | 1230p. uy, +:068 ] 2 +°268 | +:050 
| 18 ~ 106 +050 | Sia +:275 | +081 
19 175 +043 || 4 | +°237 | +068 
20 | —-287 ~-081 | 5 | +218 +056 
| 21 | —'256 --150 On 7, +'100 | +043 
22 —'231] —"112 8 ~012 | 630a.m. 4.918 
| 23 193 ~131 ai | +100 +006 
| 24 | us... —'293 6.20PM, —'150 10 | -— 025 +018 
| 25 —'306 ~'106 1g -'112 | - 018 
VOL. XXIII. R 
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Diurwnat Tipe at Dunmore East— continued. 

Diurnal Tide at Diurnal Tide at | Diurnal Tide at Diurnal Tide at 
Date. High Water. Low Water. \| EMS High Water. Low Water. 
1851. | 1851 

July 12 —'162 —'137 || Aug. 27 +°331 +'006 
13 — 312 —"125 || 28 630P.m, +°431 +112 
14 -'150 +050 | 29 +'218 +°143 

15 | 630.0. —-295 | 17-™ +100 | 30 4:218 +:206 
16 —-406 =-106 | 31 +118 +156 
17 —-218 -"100 | Sept. 1 +°106 +093 

| 18 +187 -'118 2,3 +°031 +'043 
i9 —-112 = B12 4 ~056 | 64 — —-006 
20 — 181 —'237 | 5 —"043 = 8ii/ 
21 —150 —'106 6 —'175 —'050 
22 —:162 — 068 ve —'312 —'106 
23 Noon. —-143 | 630r.0. —-062 8 ~°300 —075 
24 —*250 —112 9 +295 —118 
25 —112 =093 10 —-287 +°025 
26 +025 --050 11 —-256 —-168 
27 +050) -'031 12 61am. "281 | 1250r.m. —150 
28 +118 - 018 13 —'241 -—118 
29 +312 +043 14 -"175 — 1s 
30 6.30 P. Mt. +268 +°056 15 —‘081 -*093 
31 +250 +056 16 —"087 —'200 

Aug. 1 +212 +137 17 ~-037 "162 
2 +:225 +°156 18 —'100 —-087 
3 +262 +106 19 +'100 —-018 

4,5 +:156 +°106 20 Noon. +°018 | cisp.m +:050 
6 +:025 | 64™ +087 21 +°143 +012 
7 —-087 +012 22 +112 -'031 
8 —-131 -°018 23 +025 +037 
9 —-218 — 093 24 +112 +118 
10 -—:118 -"118 25 “000 “000 
ll —-037 --018 26 +081 +:037 
12 -:187 --043 Q7 645P.mu. +°125 +162 
13 65am. —+162 | 1230em. —-118 28 —:337 4-262 
14 =o - "056 29 +125 +206 
15 --081 +112 30 —'031 +:143 
16 pes --037 || Oct. 1 =156 125 
17 --112 --056 O38 ~-200 -256 
18 -150 +118 4 —'256 | 6am. —056 
19 --031 — "025 5 —275 —-212 
20 —:100 —-068 6 —*325 —118 
21 bam. —'150 6 P.M. +:006 7 —-212 —'068 
22 —112 +043 8 --056 —'106 
23 —'031 +°050 9 —°056 —'075 
24 +168 +°087 10 —100 —'012 
25 +156 +106 ll 6 A.M. —'150 | Noon. -"043 
26 +°275 “000 12 -193 —-218 


Diurnal Tide at 
High Water. 


+050 
—'143 
+:025 
+043 
+050 
+087 
+181 
+131 
+400 
4+:287 
+143 
+106 
+:081 
+:087 
+:018 
+012 
—131 
—168 
—-243 
—:237 
— 337 
— ‘087 
—:137 
— 237 
—+225 
—+125 
—112 
—-062 
-—168 
—-062 
+031 
+:031 
+131 
+106 
+162 
+:312 
* +°281 
+175 


5.30 a. M. 


1p. M. 
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Driurnat Tink at Dunmore East —continued. 
Diurnal Tide at Date Diurnal Tide at Diurnal Tide at 
Low Water. c High Water. Low Water. 
| 1851. 
—-006 || Nov. 22 +-100 —'037 
+100 23 +°043 +°075 
+°212 || 24 —-093 +012 
+°181 |} 25 6454m —'28) — 006 
+:087 || 26 — ‘287 +°012 
+:068 |) 27 —:050 +°156 
+087 || 28 —-212 —"050 
745r.m. —006 || 29, 30 —-275 — 168 
--050 || Dec. 1 --050 —'250 
—:025 || 2 —"325 | eisa.m. —°212 
+:018 | Bi — 325 -—'118 
—-025 4 —*362 —106 
—-012 5 — +237 — "056 
+-006 6 -'137 -—012 
+112 7 —*250 +°037 
+°043 8 —°093 +068 
— "225 9 +-006 —*318 
--150 10 6am. +143 | 1230e.m. —'018 
--150 ll +006 +'018 
+:162 12 +-093 +056 
TAM — "025 13 +-193 —"043 
—-006 14 +-206 —050 
-—-143 15 +175 +062 
-—143 16 +°256 +012 
—-100 17 | wasp. +200 | 7-30r.m. +°106 
"Oa 18 +°268 +°043 
—*043 19 +°143 +'031 
Noon. +:100 20 +018 +162 
+°050 21 —"100 +087 
+°018 || 22 000 | —'037 
+025 || 23 -131 | +043 
— 062 94 6.30 a, M. -'050 —'131 
+:018 25 = G 
+043 26 2 
+°093 || 27 
7.30r.m. +°156 |) 28 
+:112 || 329 
000 30 
—062 31 


+143 


Having obtained the preceding values of the Diurnal Tide for each day at 


Dunmore, I calculated the Constants from them in the usual manner, and found: 


R2 
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L—Diurnal Tide at High Water. 


1. Maximum value of Lunar Tide for Positive Heights =0 22 ft. 
9 Maximum value of Lunar Tide for Negative Heights = 0:21 ft. 
3. Maximum value of Solar Tide = 0°14 ft. 

4, Diurnal Solitidal Interval = 5" 15”. 

5. Age of Lunar Tide = 5? 19". 


TL.—Diurnal Tide at Low Water. 


- Maximum value of Lunar Tide for Positive Heights = 0°18 ft. 
- Maximum value of Lunar Tide for Negative Heights = 0°19 ft. 
_ Maximum value of Solar Tide = 0-14 ft. 

_ Diurnal Solitidal Interval = 5* 15”. 

. Age of Lunar Tide = 5* 14”. 


Oo BR oo bo 


Adding together the first two of each of the preceding, we find, 


Range of Lunar Tide at High Water = 0-43 ft. 
Range of Lunar Tide at Low Water = 0°37 ft. 


Hence, by equation (3), 
cot (m —%n) = Oh cot (40° 43’) 
2Az O3it ; 
or, converting the are into time, 
m— tm = 2" 48"; 


but since m, the Moon’s Hour-angle at High Water, expressed in Dunmore time, 
is 4" 36"; we obtain, ; 
iz, = 1° 48". 
By equation (4), we have 


Maximum value of 2M sin 2p = (0°48)? + (0°37)? = 0'567 ft. 


From which we obtain 
M =0-441 ft. ; 
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also, since the mean value of the Solar Tide is 0:14 ft., we have, by equation (5), 


Max. value of 2S sin 26= 0°28 ft., 
and, 
S=0:192 ft. 


Combining the foregoing results, we obtain for the Tide Constants at Dun- 
more :— 

1. Lunitidal Interval = 1" 48”. 

2. Solitidal Interval = 5" 15”. 

3. Age of Lunar Tide at High Water = 5% 19". 

Age of Lunar Tide at Low Water = 5¢ 14*. 

4. Lunar Coefficient = 0-441 ft. 
Solar Coefficient = 0-192 ft. 
6. Ratio of Solar to Lunar Coefficient, 


on 


or 5 - 0°436. 


The Theoretical Tides were constructed with the foregoing Tide Constants, 
and compared with the observed Tides, with the following results: — 


Dunmore.—Tas_e A. 


ComPaRISON OF THE OBSERVED AND CaLcuLaTeD DiurnaL Trpes at Dunmore at High Water; 
Positive Heights for Seventeen Lunations, commencing 1850, September 114 21” 30", and ending 
1851, December 20% 15" 42”. 


No. Observed. Calculated. Difference. No. | Observed. Calculated. Difference. 
Feet. Feet. Feet. Feet. Feet. Feet. 

1 017 0-16 +0°01 10 0°31 0-24 +0:07 

2 0°30 017 +013 11 0:28 0°30 -0°02 

3 0:20 0:22 —0:02 ‘|| 12} 0°30 0°32 -002 | 
4 0°35 0:26 +009 13 | 0°34 0-29 +0°05 | 
5 0°26 0-29 -0°03 14 012 0:22 -0710 

6 013 0:27 —014 15 0:25 0:20 +0°05 

7 017 0:24 -0:07 16 0:28 0-24 +0°04 

8 017 0°16 +001 17 0-21 0°29 —0°08 

9 019 0-18 +0°01 

Mean Difference = — 0:001 ft. 


126 


ComPARISON OF THE OBSERVED AND CALCULATED Drurnat TipEs at Dunmore at High Water; 
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Dunmore.—TAas_e B. 


Negative Heights for Seventeen Lunations, commencing 1850, September 114 21" 30", and ending 
1851, December 207 15" 42”. 


No. Observed. Calculated. Difference. | No. Observed. Calculated, Difference. 
| 
Feet. Feet. Feet. Feet. Feet. Feet, 

\ 1 0-21 0-21 0:00 ~=s'||:10 0:27 0-24 +0:03 
2 0:27 0:16 +011 || 11 0:28 0:28 0:00 
| 3 0-23 0:19 | +004 |] 12 0°30 031 -0-01 
| 4 0-27 0:28 -001 | 13 0:18 028 | -0-10 
| 5 0:28 0-29 -O01 || 14 0:29 0-28 +001 
| 6 0-08 0:27 -O19 | 15 0:29 0:16 +013 
ey 0-11 0:27 -016 || 16 0:26 0:22 | +0°04 
| 8 0-20 0-19 +001 | 17 0°32 028 | +4004 
a) 0-24 0-17 +007 


| 


| 
| 


| 
| 
| 
| 
| 


Mean Difference = 0-000 ft. 


Dunmore.—Tas_e C, 


COMPARISON OF THE OBSERVED AND CaLcuLATED DiurnaL Trpes at Dunmore at Low Water; 


Positive Heights for Seventeen Lunations, commencing 1850, September 13° 17, and ending 1851, 
December 22" 22" 30”. 


im 
9 


CHOARNPWNH 


Observed. 


Calculated. 


Difference. || No. Observed. Calculated. Difference. 

Feet. Feet. Feet. Feet. Feet. : Feet. 
O11 013 —0°02 10 0:06 0:07 -0°01 
O15 0-14 +001 11 0:08 0:09 -0°01 
0-05 0:06 -—0°01 | 12 0-13 013 0:00 
0:28 0:07 +0:21 ils) 0-18 0:19 -0°01 
0-18 0-14 +004 14 0-18 0-15 +0°03 
017 0:16 +001 15 0-14 O11 +0:03 
0:20 0-21 -0°01 16 0-13 O11 +002 
0:08 0-15 —0:07 17 0-14 0-14 0:00 
0-10 O11 -0°01 


Mean Difference =+0:001 ft. 


Dunmore.—Taste D. 


CoMPARISON OF THE OBSERVED AND CALCULATED DiurnaL Tipes at Dunmore at Low Water; 


Negative Heights for Seventeen Lunations, commencing 1850, September 13° 17", and ending 1851, 
December 22% 22 30”. 


No. | 


wp PIRBaAkwWh 


Observed. 


Calculated. 


| Difference. | No. Observed. Calculated. Difference, 
Feet. Feet. Feet. | Feet. Feet. Feet. 
encom ete ra! ae cre ee 
0°23 013 +0710 | 12 0:20 0-12 +0:08 
0:23 012 +011 13 0:10 0-18 -0:08 
0-13 0-12 +001 |] 14 0-14 0:22 -0-08 
018 0-19 -0°01 \ 15 | 015 0:16 -0°01 
018 0:20 -0:02 | 16 | 0-15 0-13 +0:02 
018 0:20 *—0:02 | 17 | 0:20 0-13 +0:07 
O11 013 -0:02 


Mean Difference = + 0:006 ft. 


DirFERENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Dunmore, at High 


DounmorE.—TAB_e E. 


Water, expressed in Lunar Days. 


~ Acer or Lunar Tie = 5“ 19". 
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5 


| 


No. 


DiFFERENCE of Observed and Calculated Times of Vanishing of Diurnal Tide at Dunmore, at Low 
Water, expressed in Lunar Days. 


Difference. No. Difference. | Difference. | No. | Difference. 
= | | a 
Days. Days. Days. | | Days. 

1 —2°65 10 +110 | 19 +0°10 | 28 | —0°40 
2 -1:56 ll +410 20 -1:90 29 —0°90 
3 +1:60 12 +1:60 21 -—1:90 30 +0°80 
4 +0°30 13 -2°40 22 +050 | 31 0:00 
5 -0°90 14 -0°90 23 -1:15 32 | +2°60 
6 +185 15 +0°10 24 +1:35 33 —0°20 
7 +0°60 16 —1:56 25 -1:15 34 | +210 
8 +160 17 -0:90 26 +1°35 35 | —0°50 
9 +1:10 18 —2°90 27 —0°90 

Mean Difference = 0:000 Days. 


Dounmore.—TAabB_e F, 


Acer or Lunar Tipe = 5? 14", 


No. Difference. | No. Difference. | No. Difference. | No. Difference. 
Days. Days. Days. Days. 
1 —0:710 10 +1:40 19 +040 28 +1-40 
2 —1:20 1l +1:40 20 —0°60 29 —0°60 
3 -—0°60 12 +2°80 21 -3:10 | 30 -3:10 
4 —0'60 13 +0°20 22 -—0°60 31 +0°20 
5 —2-70 14 — 0°60 23 +0°40 | 32 -1:00 
6 — 2:00 15 +1-70 24 +4°90 | 33 -0°60 
7 -4-60 16 +1:90 25 +1-40 34 -010 
8 -0°60 17 —0°60 26 +1:40 35 +340 
9 +190 18 — 2°60 27 +1:10 
Mean Difference = 0-000 Days. 


The agreement between the Calculated and Observed Tides, shown in the 
preceding Tables, is excellent, and since the Tide itself is small, it proves the 
remarkable care with which the Observations were taken at this Station. 
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Section XIII.—Generat Conciusions RESPECTING THE DiuRNAL TIDE. 


Having discussed:in detail the Solar and Lunar Diurnal Tides at each Station, 
it now remains to make a few comparisons of the results obtained. An inte- 
resting comparison of the Solar and Lunar Tide may be made at each Station, 
with respect to the relative influence of the Sun and Moon; with respect to 
the Tidal Intervals and Establishment ; and with reference to the Age of the 
Tide. 


1.—Relative Effects of the Sun and Moon. 


Arranging our Stations in two groups,—Atlantic and Channel Stations,— 
we form the following Table from the Constants previously given:— 


Relative Effects of the Sun and Moon. 


| Solar Lunar | Ss 
Coefficient. Coefficient. | u 
Atlantic Stations. Feet. Feet. 
Caherciveen, . .| 0°335 0-480 | 0°698 
Bunown, .. .| 0°342 0646 0529 
Rathmullan, . . 0315 0632 0-498 
Channel Stations. | 
Portrush, . . .| 0:342 | 0519 | 0-659 
Cushendall,. . .| 0376 | 0881 | 0:427 
Donaghadee, . .| 0383 | 0°868 0-441 
Kingstown,. . .| 0:348 | 0:690 0504 
Courtown, . . .| 0410 | 0-719 0570 
Dunmore East, .| 0-192 | 0-441 0:486 
‘Mean; .: agi c- «teoa en teed as: Gis 305 


The mean ratio of S to M, here found, shows that the Sun’s effect on the 
Diurnal Tide is somewhat more than half the Moon’s effect. In Mr. Airy’s 


discussion of the Semidiurnal Tides of Ireland, the following mean ratios of S 
to M are found :*— 


* Transactions of Royal Society for 1845. 
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Page 35, . . . . 0°33 deduced from Heights. 

Page 106,18 oo ae Wak do. do. 

Page 42, . . . . 0°35 deduced from Times. 

Page 108, 5 27 e.. O'sd |’ do. do. 
Mean, . . 0°35 


According to the Statical Theory of the Tides, the ratio of the Solar to the 
Lunar effect should be the same for the Diurnal and for the Semidiurnal Tides ; 
but according to the Dynamical Theories of the Tides, the coefficients in the 
Solar and Lunar Tides depend in a different manner on the depth of the sea, and 
therefore, the ratios deduced from the Diurnal and Semidiurnal Tides should be 
different. According to the Statical Theory of the Tides, excluding the terms 
depending on Parallax, Declination, Hour of Tide, &c., the ratio of the Solar to 
the Lunar Coefficient is as follows :— 


Solar Coefficient _ Lh ha (6) 
Lunar Coefficient * D* 


In this equation S and M denote the masses of the Sun and Moon, and D, d 
their mean distances from the Earth. Adopting the received values of these 
quantities, we should have 


S 
FT 359551 x 85; 


d__ 59-964 
D~ 2x 12032" 


and substituting these values in equation (6), we find, 


Solar Coefficient 


047288. 
Lunar Coefficient — 0) 


If, instead of calculating the right-hand side of (6), we consider 2 as the 


unknown quantity, and introduce the values of the left-hand side deduced from 
the Tides, we obtain the two following values of the ratio of the Sun’s mass to 
the Moon’s, from the Semidiurnal and Diurnal Tides respectively, 
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S Be : i 
it (Semidiurnal Tide) = 359551 x 63, 


= (Diurnal Tide) = 359551 x 95. 


It will be seen from the foregoing results, that the mass of the Moon as com- 
pared with that of the Earth, deduced from the Semidiurnal Tide, viz., ;jg, is too 
great ; while that deduced from the Diurnal Tide, 95, is too small. 

According to the Dynamical Theory of the Tides, the ratio of the Solar to 
the Lunar Coefficient, in the Semidiurnal Tide, is given by the equation,* 


nd_k 

Semidiurnal Solar Coefficient _ Ss 4 @& oad b (8) 
Semidiurnal Lunar Coefficient MM ~ D* nb x k 
g b 


In this equation, 7, n’ denote the angular velocities of the Sun and Moon; &, 4 
the mean depth of the sea, and mean radius of the Earth; and g the force of 
sravity. Using the known values of these quantities, we find, 


nb _ 9.00345, 
g 
2 
n*P _ 9-00323, 
g) regia 


Substituting these values in (8), and taking the value of the left-hand mem- 
ber from Mr. Airy’s Observations of Semidiurnal Tide, we find:— 


0.00323 2: 
0°35 = 0-47 x —_; 
000345 — = 


b 


From which we obtain, 


* Airy, * Tides and Waves,” p. 357. 
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Bvagl 


= son) 


a b 386 
and, replacing 6 by its value == we find, 


k = depth of sea = 10°25 miles. 


This result differs considerably from that found by Mr. Airy, from other 
considerations respecting the Semidiurnal Tide, viz., 22 miles ;* but it differs, 
in the opposite direction, from the depth deducible from the Diurnal Tides, by 
the aid of the Dynamical Theory. According to this theory, the ratio of the 
Solar to the Lunar Coefficient, is given by the following equation :— 


nh k 

i Z Lo Be 
Diurnal Solar Coefficient S  d' g b . 
Diurnal Lunar Coefficient — 1 * D® * 725 k @) 

ae b 


Substituting, in this equation, the values already given, and assuming the left- 
hand member from the Diurnal Tide Observations, we obtain, 


0:00323 — 4 : 
0°53 = 0°47 z 
000345 — 4 7 
from which we deduce, 
o> OR 
b 813? 


and finally, 
k = depth of sea = 5:12 miles. 


It may be interesting to calculate from equation (9), what should be the 
ratio of the Solar to the Lunar Coefficient in the Diurnal Tide, from the Con- 
stants of the Semidiurnal Tide, deduced from Mr. Airy’s observations. 


Substituting, in this equation, for = its value from the Semidiurnal Obser- 


vations e find, 


i Ww 
’ 386’ 
* « Philosophical Transactions” for 1845, p. 105. 
s 2 
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Diurnal Solar Coefficient : lges 2) 
Diurnal Lunar Coefficient ~ ee Eoilem 0-485, 


aresult, which although sensibly different from the value deduced from obser- 
vation, viz. 0:5305, yet is not inconsistent with it ; and inasmuch as it is greater 
than 0°35, the Semidiurnal Coefficient, it lies in the right direction, and is so 
far a confirmation of Theory. 

If, on the other hand, we calculate the Semidiurnal ratio of Coefficients from 


equation (8), by substituting in it for ; its value = deduced from the Diur- 
nal Observations, we find, 

Semidiurnal Solar Coefficient 194 Z 

Semidiurnal Lunar Coefficient ~ ee 216 hice 


a result which differs considerably from the mean value, 0°35, deduced from 
Mr. Airy’s Observations. 

If we compare the results just obtained from the Diurnal Tide Observations, 
with the results deduced by Laplace from Semidiurnal Tides observed at Brest, 
we shall find that there is a very striking agreement. In the Mecanique 
Celeste, tom. v. p. 206 (Paris, 1825), the ratio of the Semidiurnal Lunar 
Coefficient to the Solar Coefficient, deduced from observation, is stated to be 


235333, from which Laplace infers the Moon’s mass to be — from this 
result we find, 
Semidiurnal Solar Coefficient _ 1 _ 0:42494, 


Semidiurnal Lunar Coefficient 2°35333 


a result almost identical with that just deduced from our Diurnal Constants, 
viz., 0°422. 
If we substitute Laplace’s ratio in equation (8), we find, 
323 — 10 00 s 
473 — k 
345 — 100000 3 


from which we deduce 
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k 1 
b 780’ 

The mean depth of the sea here found agrees with that inferred from the 
Diurnal Observations, and is only half that deduced, by me, from Mr. Airy’s 
Semidiurnal Observations, which, however, accord better with the mean depth 
deducible from the Lunitidal and Solitidal Diurnal Intervals, and from the Age 
of the Lunar Diurnal Tide, as will be shown presently. 


and k = 5:07 miles. 


2.—The Lunitidal and Solitidal Intervals. 


If we place the Lunitidal and Solitidal Intervals in a Table, arranged in the 
order of the Atlantic and Channel Stations, we obtain the following results:— 


Diurnal Tidal Intervals and Establishments. 


Lunitidal | Solitidal | Establishment Establishment 
Interval. | Interval. |of Lunar Tide. of Solar Tide. 


Atlantic Stations. | 


| Caherciveen, . .| 0" 6™ | 3528" | 0'46m 4" gm 
Ishehat pay AoE |; O31 | 2652 i Gey ts 3 32 

| 

Channel Stations. | | | | | 
Rathmullan, . .| 4 6 9 40 4 36 10 10 
Portrusay oe). es) 40° || LIE 30 4 9 11 56 
Cushendall,. . .| 7 16 11 25 740 | 11 49 
Donaghadee, . .| 7 49 | 11 12 Bill |) ahi BY 
Kingstown, . . .| 7 39 10 26 Sool Oka0 
| Courtown, . . .| 528 | 5 1 SEooe wl) LOZ 
Dunmore East, .| 148 | 6 15 216 | 8 48 


The last two columns of this Table express the Interval from the Lunar 
or Solar passage of the Greenwich Meridian to High Water, at each Station ; 
they are formed by adding the longitude, in time, of each Station to the Tidal 
Intervals. 

It is possible, from Mr. Airy’s Theory of Tides with Friction, to deduce the 
mean depth of the sea from the preceding Table of Tidal Intervals, and the 
results of this calculation, although different from the} depth deduced from 
the Heights, are consistent with each other, and well worthy of attention. 

According to the Theory of Tide Waves without friction, Low Water should 
occur at the time of meridian passage of the luminary ; in consequence of 
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friction, the phase of High Water is accelerated by an interval equal to the 
difference between the Tidal Interval and the period of half a Tide Oscillation. 
Subtracting, therefore, the Lunitidal and Solitidal Intervals from 12" 24", and 
12", respectively, we find the accelerations. In this manner, the first two columns 
of the following Table are constructed, and the depths calculated by a method 
which will be explained:— 


Accelerations of High Water of Lunar and Solar Diurnal Tide. 


Lunitidal Solitidal s 
Acceleration. | Acceleration. Ratio. | Depth of Sea. 
| Miles. 
Caherciveen, . .| 12°18™ 8'32™ | 1:44 10°94 
Bunown,. .. . 153 9 8 1:30 10°01 
Rathmullan, . . 8 18 2 20 3°56 12°59 
tangle, Joveth c 8 41 0 30 iT y/ 12°88 
Cushendall,. . . 5 8 0 35 8:80 12°82 | 
Donaghadee, . . 4 35 0 48 573 12°75 
Kingstown,. . . 4 45 1 34 3°03 12°50 
Dunmore, .. .- 10 36 6 45 1:57 11°40 
Meany: Sareueletec ue cameron tte ONL Peeler 11-986 


According to the Theory of Tides, including Friction,* the acceleration of 
High Water is represented by 


? — gkm* 
where 
f= coeflicient of friction, 


i = angular velocity of luminary, 


g= 32 ft. 
k= depth of the sea, 
m= ak 

x 


A= length of tide wave. 


Hence, comparing the Lunitidal and Solitidal accelerations, we find, 


Lunitidal Acceleration _ 7” —gkm 


Solitidal Acceleration ~ ? —ghm? 


2 


(10) 


* Vide Airy’s ** Tides and Waves,” p. 332. 
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Qo 
wt 


and, substituting the following values, 


fl am tie Qn 
* = 86400" = 89280 
Qa 


25000 x 5280” 
we find, expressing the depth in miles, 


Acceleration of Lunar Tide _ 13815 — k 
Acceleration of Solar Tide ~ 12°938 — k’ 


(11) 


It is by the aid of this equation that the depths of the sea given in the 
Table are calculated. These depths agree remarkably well together, and 
although they differ considerably from the depths found from the Heights of 
the Lunar and Solar Tides, we shall find them confirmed in a remarkable 
manner by the depths of the sea, deducible from the Age of the Lunar Diurnal 
Tide. 

The progress of the Lunar and Solar Diurnal Tide Wave round the island 
is seen from the column of Establishments, from which it appears that the 
Diurnal Tide Wave approaches Ireland from the west, and, flowing round the 
island north and south, enters the Irish Sea at both extremities ; the two waves 
meeting off the coast of Down, in the case of the Lunar Tide; and further 
north, off the Antrim coast, in the case of the Solar Tide. 

The direction of the Lunar Tide Wave before it enters the Channel may be 
thus ascertained ; let 


The distance from Caherciveen to Bunown . . . . . =a, 
+ a Tenarene soe 

; = Bortrusht., = 3 a 4 ae) 
The difference of Establishments at Caherciveen and Bunown = a, 
ae ‘§ Caherciveen and Dunmore = £, 

Hi - Caherciveen and Portrush = y, 

The angle between direction of Tide and Bunown . . . =A, 
¥ os Dunmore. . . =B, 

4 "4 POrtrps aay nse ie, 


It is easy to see that we have the following equations, 
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acosA a 
bcos BB’ (12) 
acosA a 
ccos Cy’ 


and, since the angle between Bunown and Dunmore is 84", and between Bunown 
and Portrush is 32°, we have also, 


A+ B= 84°, 
A—C= 3%. (18) 


The following values of a, 6, c, are found by measurement ; and of a, £, y, from 
the Table of Establishments, 


a= 444, o— 207 
b= 500: fee UMN 
C=20%- y= 2038". 


Introducing these values into equations (12) and (13), we obtain from the first 
equation, 

Ai I69='6: 
and from the second equation, 

A 16s 6. 
The mean of these two values is 72° 36’, and since the line joining Caherciveen 
and Bunown is a meridian (nearly), it follows that the Lunar Diurnal Cotidal 
line, on the west coast of Ireland, is 17° 24’ west of north; and that the 
Tide approaches the coast from the W. 17° 24’ S$. 

The Solar Diurnal Tide approaches the coast in a different direction, as is 
seen from the fact that it arrives at Bunown before it reaches Caherciveen ; 
and it also appears to undergo some unexplained retardation in the narrow 
channel between Antrim and Scotland, as it arrives at Cushendall and Portrush 
later than at any other stations. 


3.—Age of Lunar Diurnal Tide. 


The following Table gives the Age of the Lunar Diurnal Tide at each of 
the Irish stations :— 
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Age of Lunar Diurnal Tide. 


High Water. | Low Water. 
Caherciveen, 62 48 42.17% 
Bunown, . 4 9 4 9 
Rathmullan, 5 10 4 20 
Portrush, - 5 9 4 19 
Cushendall,. . 6 19 b'3 
Donaghadee, 6 5 & 2 
Kingstown, . Geli 4 11 
Courtown, . 6 22 3 12 
Dunmore East, 5 19 5 14 


A striking feature of this Table is the fact, that the Age of the Tide deduced 
from the observations made at High Water is greater than the Age deduced 
from the observations at Low Water, at all the stations, except Bunown, at 
which the Ages deduced are equal. 

I am unable to explain this fact, but it clearly indicates a defect in the 
Theory of the Tides, which would show the same Age to correspond with 
either High or Low Water. 

Some very interesting inferences respecting the mean depth of the sea 
follow, from comparing the Age of the Lunar Diurnal Tide with the Accelera- 
tion of the Lunar Tide, given in the Table at p. 134. The following Table 
contains the results of this comparison :— 


Mean Depth of Sea deduced from the Age of Lunar Diurnal Tide. 


a 
Age. Acceleration. | Ratio. |Depth of Sea. 


Hours. Hours. Miles. 
Caherciveen, . . 1185 12°30 963 10:50 
Bomown, <9 fy y0.e 105°0 11°88 8°84 10°31 
Rathmullan, . . 123°0 8:30 14:82 11°30 
Portrush, ... 1220 8:68 14:05 11-22 
Cushendall,. . . 143-0 513 27°87 12-04 
Donaghadee, . . 135°5 4:58 29°58 12:09 
Kingstown,. . . 1340 4°75 28°21 12-05 
Dunmore East, . 1365 10°60 12°88 11:07 
ECRIEONEY he ore cee ee tore at Toe aT tate | 11°322 
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In this Table, the second column contains the mean Age of the Tide ; the 
third column the Acceleration of the Tide, both expressed in hours; the fourth 
column contains the ratio of the Age to the Acceleration; and the last column 
exhibits the mean depth of the sea, deduced in a manner which will be ex- 
plained. 

The mean sea depths of the preceding Table are deduced, as follows, from 
Mr. Airy’s Theory of Tide Waves with Friction. It is proved (“Tides and 
Waves,” p. 333), that 

Age of Lunidiurnal Tide _ + gkm? 
Acceleration of Lunidiurnal Tide # — gkm” 


(14) 


which becomes, introducing the values already given, and expressing & in miles, 


Age of Lunidiurnal Tide _ 12-938 +k 
Acceleration of Lunidiurnal Tide’ 12°938 —k 


(15) 


The sea depths are calculated from the preceding equation, and their mean 
value 11°32 miles, is a striking confirmation of the mean depth derived from 
the comparison of the Lunitidal and Solitidal Intervals ; and at the same time 
a confirmation of Mr. Airy’s Theory of Tide Waves with Friction. In fact, 
the existence of a Tidal Age or Acceleration is altogether due to friction, and, 
therefore, the similarity of the two independent results must be regarded as 
proving that the values of the Lunitidal Age, and Solitidal and Lunitidal Inter- 
vals deduced from observation, agree with each other in the manner indicated 
by Theory. 

It may be asked, how are we toreconcile this value of the mean sea depth 
with that deduced from Diurnal Heights, and from Laplace’s results of the 
Semidiurnal Tides at Brest. Although this question is difficult to answer fully, 
yet it should be observed that the results deduced from Intervals and Ages 
are more consistent with each other than those deduced from Heights, and also 
that they are confirmed by the sea depth deducible from Mr. Airy’s Irish 
Observations. And it may be also suggested, that probably the depth inferred 
from Age and Acceleration is the depth of the sea at a greater distance from 
the coast, while the depth deduced from Heights is the depth of the sea after 
it has began to shoal, the tide being composed partly of a derivative and partly 
of the original Atlantic Tide. 
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Is it impossible, or improbable, that the result inferred from Age and Acce- 
leration, viz., 11°65 miles, is the depth of the South Atlantic and Antarctic 
Oceans, while the depth deduced from Heights, viz., 5-12 miles, is the mean 
depth of the eastern portion of the North Atlantic ? 

I shall leave this and other interesting questions to those concerned in the 
Mathematical Theory of the Tides, and shall feel content to have contributed, 
as my share, a few facts to serve as a partial basis for reconstructing the 
Theory of the Tides, which must be considered at present as a reproach to 
Mathematical Science. The separation of the Solar and Lunar Diurnal Tides 
on the coasts of Ireland, and the partial investigation of their laws, must be 
regarded as an important accession to our knowledge of the Tides—an acces- 
sion which must be considered as arising, in a great degree, from the exer- 
tions of the Royal Irish Academy. 
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III.—On the Physical Conditions involved in the Construction of Artillery, and on 
some hitherto unexplained Causes of the Destruction of Cannon in Service. 
By Rozert Matter, Mem. Ins. Civ. Eng., F.R.S. 


Read June 25th, 1855. 


1.—Introductory. 


1. THAT marvellous substance, gunpowder, whose discovery (in Europe at 
least) we trace to the cell of Roger Bacon, at Oxford, seems within little more 
than sixty years, to have become known and applied, as an engine of warfare 
throughout Europe and the East. 

So stimulated was the invention, even of those torpid times, by the surpris- 
ing nature of the new power conferred, that, but a few years sufficed to bring 
cannon to a size at least, that has never been surpassed in modern days, as, for 
example, in the gun of bronze, cast for Sultan Mahomed for the siege of Con- 
stantinople, in 1453, of eleven palms in caliber; some of the “confreres” of 
which still guard the Dardanelles, and a stone shot from one of which nearly 
destroyed a frigate of Admiral Duckworth’s squadron in 1806.* (Note A.) 

For nearly three hundred years, cannon of great caliber, many of which 
were made of separate staves and hoops of wrought iron, continued the favourite 
of artillerists throughout Europe; so that in Queen Elizabeth’s and even in 
Cromwell’s time, both here and on the continent, field guns were in use, of a 
magnitude now scarcely known except as guns of position. 

The opinion, however, that guns of less caliber, in greater number, and 
served more rapidly, were more efficient weapons, gained ground ; and at the 


* De Tott, Travels, &c,. 
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beginning of last century the caliber of cannon for both land and sea service 
was reduced, perhaps, much below the middle point of prudence. 

The paper of Mr. Robins, published in 1746, entitled “A Proposal for new 
Arming the British Navy, by boring out all the eighteen pounders to guns of 
larger caliber,” was perhaps the first step towards that return to artillery of the 
largest caliber, which characterizes our ownday. The progress of these views, 
the constant consolidation in construction of fortified places, and improvements 
in the strength of ships of war, have all tended to increase the size of modern 
artillery, resulting, amongst other improvements, in the Paixhan and Lancaster 
guns, the use of hollow shot, &c. (Note B.) 

2. During the ages occupied by these mutations, gunpowder itself has— 
through the greater purity of its constituents, greater skill in proportioning and 
combining them, and improved methods of preserving and of firmg—been greatly 
increased in power; and hence our modern artillery of enlarged caliber is fre- 
quently subjected to a strain in service greatly exceeding anything to which 
the ancient enormous cannon were exposed, throwing stone shot of light spe- 
cific gravity compared with iron balls: and which the confessedly great im- 
provements in the manipulation of metals in recent times have as yet scarcely 
been able fully to cope with. (Note C.) 

3. In considering the strains to which a gun is exposed when discharged, and 
limiting our views to the mere pressure upon its interior, produced by the elastic 
gases of the inflamed powder, it is obvious from consideration of the formula 
giving the relation between this pressure and the resistance of the cylinder of 
the gun, 


p.D" = R (D'— D") = 2he. (1) 
In which, 
p = the pressure per square inch on the interior of the cylinder ; 
D' and D” = the external and internal diameters respectively ; 


R = the coefficient of cohesion of the substance of the gun ; 
and e = the thickness of the gun. 


That the value of p, the pressure per square inch, at its maximum point 
(wherever that may be, between the first instant of ignition, and the balls leav- 
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ing the mouth of the gun) is the element upon which alone the chief practical 
difficulty of increasing the caliber of cannon depends. (Note D.) 

4, Now this increases enormously with every increment of caliber. For 
supposing the shot spherical in all cases, its weight increases as D’”, and as 
the “ work done” by the powder in giving it its final velocity is proportionate 
to, 


sD!” 


7 


v’, (2) 
s being the specific gravity of the shot, and the length of very large guns not 
being very much more than those of the smaller ones in use, so that the space 
through which the force acts is much the same, it follows, that the maximum 
strain per square inch is greatly augmented. Add to this, that the lineal 
windage being the same, the proportionate loss of effort by windage will be 
less in the larger gun in about the inverse ratio of the square of the windage, 
and finally, when, as is often now the case, cylindrical or cylindro-conoidal shot 
are substituted for spherical, and so the ratio of the weight to the bore of the 
gun further increased, while the windage is again lessened by the contraction 
of the passage of escape due to the elongated form of shot ; all these circum- 
stances so increase the pressure per square inch, that the utmost resources of 
metallurgic skill are barely able to cope with it. And, besides the above, there 
are other causes of increased strain upon the gun; thus the charge of powder 
must be augmented largely, but its mass increases much more rapidly than the 
internal surface of the cylinder of the gun, which is recipient of the heat of the 
inflamed powder, and which carries off heat from its inflamed gases to the cold 
metal of the gun; hence the actual heat available for the expansion and in- 
creased tension of the gases is greater as the size of the gun is greater, so that 
the pressure due to this cause rises very considerably in large charges; in other 
words, a large mass of powder inflamed in a comparatively cold metallic recep- 
tacle will produce an effect more than proportional to that of a much smaller 
mass, so that the theoretic and the actual work done by different charges shall 
sensibly differ. 

5. Thus the strain on the gun increases faster than D’°. To meet all this, the 
thickness of the gun for any given material must be increased largely; but in 
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guns cast in one mass the external portions of the metal are far from bearing a 
proportional share of the strain. The pressure per square inch, whatever it may 
be, acts most powerfully upon the internal lamina of the bore, and when the 
pressure is very great, and the difference between D’ and D” is very great also, 
the limits of elastic extension are passed as respects the metal of the internal 
portions of the gun, and these are torn before any proportionate strain is visited 
on the outer portions. The strains producing inceptive rupture being of the 
nature of impulsive forces acting upon imperfectly elastic material, it always 
happens that a rent commenced, is followed (without any appreciable interval 
of time) by the flying to pieces of the whole gun. 

6. Accidents of the most fatal character, resulting from the bursting of 
heavy iron guns, have been frequent of late years, especially of that class 
known as “shell guns,” whose proportions unfit them generally for throwing 
solid shot: as for example, a 10-inch gun, of 10 feet 6 inches long, of 116 cwt., 
which burst at Shoeburyness on the 18th June, 1852, in firing a hollow shot 
of 110 lbs., with a charge of 16 lbs. of powder, at an elevation of 32°, killing 
several men; and another similar, but more fatal, accident, which occurred at 
Gibraltar; while others have taken place under the destructive conditions due 
to the confined space between decks in men-of-war. 

These accidents have principally occurred to 10-inch and 8-inch guns, and to 
68 and 32-pounders of iron; and in solid-shot guns, chiefly either in very rapid 
firing, or in firing red-hot shot. 

One of the main objects at present in view is to point out some circum- 
stances affecting the destruction by bursting of cast-iron guns under such con- 
ditions, which appear so far to have been unnoticed or misunderstood by 
artillerists—namely, the effects of unequal or local expansion produced by 
local inequality of temperature, whether arising from the heating of the gun 
internally by red-hot shot or by “quick firing,”—in powerfully increasing the 
strain, upon the metal, due to the discharge. 

In the progress of the investigation leading to this result, however, I shall 
have occasion, incidentally, to treat of most of the important conditions of a 
physical character that affect the proper design and construction of artillery, of 
whatever magnitude, as well as to point out the chief circumstances upon 
which failure depends. In fulfilling my original object, therefore (if success- 
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ful), a treatise on the Construction of Artillery has resulted, embracing many 
views of not a little interest to science, and, as I believe, new to both the science 
and the practice of the gun-founder. 


2.—Directions of Fracture in Burst Guns. 


7. Before entering further upon the subject, however, it may be desirable to 
explain briefly the lines or directions of fracture assumed by all heavy cast-iron 
guns that are sound, when burst; and to point out some properties due to the 
molecular or crystalline structure of cast-iron, upon which in part such lines 
of fracture depend, and upon a due regard to which the strength or weakness 
of cast guns much depends. In doing so, I shall have occasion to notice, 
though too briefly for the importance of the subject, several circumstances and 
conditions bearing directly upon the gun-founder’s art, which, so far as I know, 
have not hitherto been treated of in a determinate manner by any previous 
writer. 

The Plate No. 1. shows by the heavy dotted lines the almost invariable 
directions in which fracture takes place when cast-iron guns burst in proof or 
in service, assuming no serious flaw or other defect to exist anywhere. The 
gun splits up nearly into equal halves, usually by a vertical or nearly vertical 
plane, passing through the axis of the piece, and extending from the breech ring, 
which it often also divides, longitudinally to a point a little in advance of the 
trunnions, where it turns out to one side and to the other, leaving the muzzle 
portion of the gun, for a length of between 2 and 4 its whole length un- 
broken. This portion of the gun at the moment of fracture is thrown forward, 
partly by the direct action of the powder blast in escaping, partly through the 
unbalanced action of the elastic forces within the strained metal suddenly re- 
leased, and partly by the friction of the passing-through shot. It usually falls 
to the ground with the muzzle end foremost; and as this strikes the ground 
the mass throws a somerset, and is found lying along, in the line in which 
the gun had been trained, but with the direction of the muzzle reversed, or 
pointing backwards; a circumstance often remarked upon with surprise by 
artillery officers, but, thus easily accounted for. 

Sometimes the portions of the gun at, and in rear of, the trunnions are 
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divided by other fractures in planes more or less completely at right angles to 
the preceding one, and by several “ turn out,” or transverse fractures. These 
latter occur and are more numerous in proportion as the metal of the gun is 
harder, more highly elastic, and more rigid, and as the bursting charge is more 
powerful; in a word, the fragments are smaller and more numerous and irre- 
gular when the rending forces, are greatly in excess of the resisting powers of 
the metal. Wrought-iron and steel guns fracture much in the same way, but 
the fractures of bronze guns are of a somewhat different character, and the 
fragments are bent and distorted, both, owing to the greater toughness and 
ductility of the material. 

8. Three circumstances are specially worthy of attention, as indicated by the 
lines of fracture thus generally described :— 

1°. The dividing longitudinal plane, whether vertical or 
horizontal, is always found to assume a sudden curved form, 
as in diagram, at one or other side near the exterior of the 
gun; indicating that the fracture begins at one side, s (that 
opposite to the inflected fracture); and that fracture has 
spread from that side, the gun opening out, and the divided 
surfaces turning from each other upon the point of inflec- 
tion at f. 

2°. Fracture, therefore, appears in all cases to commence at the interior of 
the chase, and to propagate itself outwards, thus rending the metal from within 
to without—a result which, though difficult at first to reconcile to the imagina- 
tion, is pointed to by every mathematical investigation, of the resistance of 
cylinders to internal fluid or elastic pressure, leading to whatever formula, since 
the metal must yield first, where the pressure per square inch is greatest upon its 
resisting unit of section, and this is in the interior of the thickness. 

3°. The planes of fracture follow the track, with almost umerring pre- 
cision, of all re-entering angles, and of all sudden changes of scantling or 
dimension, however trifling, in the external contour of the gun. Thus a 
vertical longitudinal fracture often passes through the vent (as being the 
weakest part in section), but much more frequently follows along the re- 
entering angle made by the exterior of the gun at its meeting with one or 
other side of the vent-field, as in Fig. 1 and Fig. 3. The transverse fractures, 
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though often more or less diagonal to the axis of the gun, also mainly follow 
round, with remarkable regularity, the small re-entering angles made by the 
several breech or reinforce mouldings on the exterior of the gun; while those 
which approach the trunnions, usually fall into the re-entering angles made by 
these with the body of the piece. 

No doubt these facts are familiar to every “ proof master ;’ but I am not 
aware that the value of their correct observation has hitherto been recognised, or 
that any attempt has been made to assign a cause for them, or, in fact, to attribute 
the directions in which a burst gun breaks, to anything more than “ accident.” 


3.—Causes. Molecular Constitution of Crystalline Bodies. 


9. I proceed to explain the cause. J¢ is a law (though one which I do not 
find noticed by writers on physics) of the molecular aggregation of crystalline 
solids, that when their particles consolidate under the influence of heat in motion, 
their crystals arrange and group themselves with their principal aaes, in lines per- 
pendicular to the cooling or heating surfaces of the solid ; that is, in the lines of 
direction of the heat wave in motion, which is the direction of least pressure within 
the mass ; and this is true whether in the case of heat passing from a previously 
fused solid in the act of cooling and crystallizing on consolidation, or of a solid 
not having a crystalline structure, but capable of assuming one upon its tempe- 
rature being sufficiently raised, by heat applied to its external surfaces, and so 
passing into it. 

10. For example,—if an ingot of sulphur, antimony, bismuth, zinc, hard 
white cast-iron, or other crystallizable metal or atomic alloy; or even any binary 
or other compound salt or haloid body, as sulphuret of antimony, calomel, 
sal ammoniac, various salts of barytes and lime, chloride of silver or of lead, 
chromate of lead ; or even certain organic compounds, such as, camphor, and 
spermaceti,—provided only it be capable of aggregating in a crystalline form 
under the influence of change of temperature, as from fusion or sublimation ;— 
if an ingot or mass of any such body be broken when cold, the principal azes 
of the crystals will always be found arranged in lines perpendicular to the bounding 
planes of the mass ; that is to say, in the lines of direction in which the wave of heat 
has passed outwards from the mass in the act of consolidation. 
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11. But conversely, the same effect is found produced by the application of 
heat (far below that of fusion) to the surfaces of solids, which are capable of 
solidification in either of the two states, homogeneous (amorphous) or crys- 
talline, and have solidified in the former. Of such bodies many are known; 
for example,—many of the metals, glass, carbon im certain states, chalk when 
crystallizing into marble under pressure and ignition, arsenious acid, realgar, 
protoxide (litharge) and iodide of lead, ice; and amongst even organic com- 
pounds, sugar, paraffine, &c. 

12. If a cylinder of lead, of some four or five inches long, and about the same 
in diameter, be cast around a cylindrical bar of iron, of about 13 inches diameter 
and some 2 or 3 feet long, the lead, on becoming cold, and rapidly consolidated 
by the contact of the cold iron bar interiorly, will have a perfectly homoge- 
neous structure ; it may be cut into, beaten out, &c., without presenting any 
trace of crystallization. 

If, however, one of the projecting extremities of the central iron ae be 
now placed in a furnace and heated red hot, and time be given until the heat 
conducted along the bar, and from it passed into the interior parts of* the 
lead cylinder, and thence transmitted outward, radially through it in all di- 
rections, shall have raised the temperature of the lead itself to within a few 
degrees of its melting point—say to about 550° Fahr.—and the lead be now 
struck sharply with a hammer, the whole mass will be found to have assumed 
internally a crystalline structure, all the principal axes of the long thin crys- 
tals radiating regularly outwards from the axis of the cylinder to its surface ; 
and by a few blows of the hammer, the whole mass will separate and fall to 
pieces as a metallic dust—so complete are the planes of separation of the 
crystals. (See Plate u. Fig. 4.) 

13. A piece of cylindrical brass wire, tough, longitudinally fibrous, and pre- 
senting no trace of crystallization, may in the same way be caused to become 
almost instantly brittle and crystalline, if passed endways into the centre of a 
red-hot iron tube of small diameter (such as a gun-barrel), held vertically; the 
crystals all radiating from the axes of the cylinders. 

14. Ifa flat thick plate of rolled or malleable zinc, which is nearly homo- 
geneous in structure, or, if not so, presents fibres and lamina in the plane of the 
plate, be laid down flat upon a cast-iron plate, heated to within a few degrees 
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of the melting point of the zinc, it assumes very soon a crystalline structure,— 
the crystals having their principal axes now all cutting perpendicularly through 
the plate from side to side; in other words, the planes of internal structure being 
in this and the former case absolutely turned round 180° of angular direction. 

15. The same change of structure takes place more strikingly in glass; when 
exposed for a considerable time to a heat short of fusion, or even of complete 
softening, it is converted into the opaque substance known as Reaumur’s porce- 
lain, in which a crystalline structure is developed, and the principal axes are 
arranged perpendicular to the surfaces recipient of the heat. 

Many other instances might be adduced, were this the place to pursue so 
tempting a subject. But enough has been given to indicate the generality of 
the law. (Note E.) 


4,—Molecular Constitution of Cast-Iron. 


16. Now cast-iron is one of those crystallizing bodies which in consolidating 
obeys, more or less perfectly, according to the conditions, this law also; so that 
generally it may be enunciated as a fact that in castings of iron the planes of 
erystallization group themselves perpendicularly to the surfaces of external contour, 
that is to say, in the directions in which the heat of the fluid cast-iron has passed 
outwards from the body in cooling and solidifying. 

Because the crystals of cast-iron are always small, and are never very well 
pronounced, these directions are seldom very apparent to the eye, but they are 
not the less real, 


17. Their development depends:— 

1°. Upon the character of the cast-iron itself, whether it contain a large 
quantity of chemically uncombined carbon (suspended graphite) 
or not, which Karsten has shown to be the case with all cast-irons 
that present a coarse, large-grained, sub-crystalline, dark, and 
graphytic, or shining spangled, fracture; such irons form in cast- 
ings of equal size the largest crystals. 

2°. Upon the size or mass of the casting, the largest castings presenting, 


for any given variety of cast-iron, the largest and coarsest aggre. 
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gation of crystals; but by no means the most regular arrangement 
of them, which depends chiefly upon— 

3°. The rate at which the mass of the casting has cooled, and the regu- 
larity with which heat has been carried off by conduction from 
its surfaces to those of the mould adjacent to them; and hence it 
is, that of all castings in iron, those called “chilled,” that is to say, 
those in which the fluid iron is cast into a nearly cold and very 
thick mould of cast-iron, whose high conducting power rapidly 
carries off the heat, present the most complete and perfect deve- 
lopment of the crystalline structure perpendicular to the chilled 
surfaces of the casting. In such the crystals are often found 
penetrating an inch and half or more into the substance of the 
metal, clear and well defined. 

18. These prevailing directions of crystalline arrangement may be made 
more clear to the eye by the Plate No. u. 

Figs. 1 and 2 are sections of a round and a square bar of any of the crys- 
talline solids we have spoken of, or of caSt-iron, when the crystallization is well 
developed (the circumstances affecting which we shall consider further on), 
In the round bar the crystals all radiate from the centre ; in the square bar 
they are arranged perpendicularly to the four sides, and hence have four lines 
(in the diagonals of the square) in which the terminal planes of the crystals 
abut or interlock, and about which the crystallization is always confused and 
irregular. 

In Fig. 3 a flat plate is shown in section. The directions of the crystalline 
axes follow the law of Fig. 2, with an extension in one direction. 

In Fig. 4 a section is shown of the hollow cylinder of lead alluded to 
(page 8), in which, as in the case of Fig. 1, the arrangement of the crystals is 
always towards the centre, or axis of the cylinder. This figure also applies to 
every cast-iron hollow cylinder, whether water-pipe, gun, mortar, &c. &c. 

Fig. 5 represents a portion of the lower or closed end of the cylinder of 
the hydraulic press as first made for the purpose of raising the tubes of the 
Britannia Bridge, and which broke in the attempt; the end of the cylinder 
having broken out from the sides in the form of a flat frustrum ofa cone, as in 
Fig. 5 B, under the severe water pressure to which it was exposed ; that is to say, 
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the fracture took place all round, along the plane of junction of the contermi- 
nous crystals formed perpendicular to the external and internal surfaces of the 
bottom and of the sides of the cylinder, proving that such planes of junction, 
where, as in Fig. 2 and 3, the crystals join and interlace confusedly, are 
planes of weakness—planes in which the cohesion of the metal is less and less, 
for this reason, than in any other parts of the mass. These Jines of weakness 
extend from v to v throughout all the figures. The form of the bottom of 
this cylinder was changed by Mr. Stephenson, from a distinct appreciation of 
the fact that the fracture of the part was in some way connected with the sharp 
and sudden termination, square to the axis of the cylinder, though without 
apparently any clear conception of the crystalline laws upon which the fact 
depended ; and a new cylinder with a sort of semiovoidal end was made— 
a section of a portion of which is represented in Fig. 6. This stood the strain 
uninjured. Here the principal axes of the crystals all are directed, as in Figs, 
1 and 4, to the centre. They, therefore, gradually change their direction, and 
no planes of weakness are produced. (Note F.) 

19. It is to be hoped that these illustrations have served to make clear the ge- 
neral law as applied to cast-iron artillery—that every abrupt change in the form of 
the exterior—every salient, and every re-entering angle, no matter how small, upon 
the exterior of the gun or mortar is attended with an equally sudden change in 
the arrangement of the crystals of the metal, and that every such change is accompa- 
nied with one or more planes of weakness in the mass. 

20. Figs. 7 and 8 are sections of portions of a large cast-iron gun. The 
former, part of the breech, through the “ vent-field” square to the axis of the bore ; 
the latter, a section near a trunnion, also square to the axis. Fig. 9, a section 
of a reinforce ring in the plane of the axis. In all of these are shown, in an 
exaggerated form, the directions of crystalline aggregation, and the planes of 
weakness resulting from it. 

21. It will be remarked that the square projection of the “ vent-field” pro- 
duces at each angle planes of weakness, which, in the case of the re-entering angles, 
penetrate deep into the thickness of the gun; and that these planes really do 
exist is evidenced by referring back to Plate No. I, in which it will be seen 
that the lines of fracture in burst guns almost always follow along the angle at 
the sides of the “ vent-field ;” so also in the case of the trunnions, Fig. 8. On 
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referring back to the same diagram, it will be seen that the great planes of 
cross fracture usually turn out and meet the exterior of the gun, just at the 
re-entering angle of the trunnion with the body of the gun. A gun, like every 
other body that fails under strain, must fail in the weakest place ; we have 
shown in what places they do fail, and we have shown @ priori what must be 
the weakest places (for a given material and mass), and we have found that 
the places of fracture and positions of these “ planes of weakness” most remark- 
ably coincide. The conclusion, therefore, seems inevitable, that however 
incapable the unaided eye may be to discern any difference in the crystalline 
arrangement of one part of the gun more than of another, such planes of weak- 
ness do exist, in the positions, and from the causes here pointed out. 

22. The external forms of cannon have been greatly modified and simplified 
in modern times, from the complex and highly ornamented (?) forms of remoter 
periods; but even still, in the plainest forms of guns, such as Sir William Con- 
greve’s and Monk's patterns, &c., mouldings, astragals, reinforces, &c. &c., are 
still adhered to, and from the unwillingness to give up altogether antiquated 
forms, originally adopted and continued in ignorance, we have the folly still to 
cling to making numerous and useless sharp angles and corners, and sudden 
changes of form and of dimension on the exterior of all our ordnance, and so 
prolong in the most needless way one cause of their weakness. That gun, how- 
ever plain externally, will look best to the really educated eye, that most fully 
conforms to the laws upon which its perfection as an instrument depends. 


5.—Physical Conditions induced in Moulding and Casting. 


23. Some remarks must now be added as to the effects upon the strength of 
guns, which circumstances brought into play in the processes of moulding and 
casting them exercise, extraneous to those which we have already treated of, 
as respects the conditions of aggregation of the crystals of the metal. 

It is not my intention to go at any length into questions referring properly 
to the iron-founder’s art; to practical methods, better or worse; or to the details 
upon which sound or defective castings depend. These, though most impor- 
tant, do not find a fitting place here. But I purpose to consider :— 
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1°. Upon what circumstances the more or less complete homogeneity 
of the crystalline alloy we call cast-iron depends, when cast into 
cuns ; and, therefore, how with the best, or with any,external form, 
we may most avoid the formation of “ planes of weakness,” so far 
as the moulding and casting are concerned. 
2°. The effects due to the contraction of the metal in process of cooling, 
and of sudden changes of mass or of dimension and form upon 
this. 
3°. The effects of rapid and of slow cooling, and of unequal cooling. 
4°. The effects of casting under the fluid pressure due to increased “head” 
of molten metal. 
And toadd a few remarks upon the presumed relative advantages, so much and 
so loosely talked of latterly, of cold-blast and hot-blast iron, and of foreign 
and British iron, as materials for ordnance. 


24. It is known to every practical iron-founder upon a large scale, that, gene- 
rally, the larger the mass of the casting he makes with any given quality ofcast-iron, 
the “coarser is the grain,” that is, the larger are the crystals that develop them- 
selves in the mass. The same metal that shall produce a fracture, bright gray, 
matted, and without a crystal visible even toa single lens, in a bar, cast, say, two 
inches diameter, shall, if cast into a cylinder of two feet in diameter, produce a 
dark, confusedly crystalline surface of fracture, as coarse as granite rock. 

To meet this, the practice is to prescribe for material for large castings a 
certain large proportion or mixture of “small, close-grained scrap metal,” with the 
pig-iron, of whatever best quality may be denoted. The remedy fails—as fail that 
always must which is founded upon a misconception of the laws of the pheno- 
mena. As well might small seeds be sown to produce small trees. The small 
scrap is no sooner recast into the large mass than it resumes the large crystalline 
grain. 

25. The experiments of Mr. Fairbairn (Trans. Brit. Ass., 1853) on the re- 
peated melting of the same cast-iron, by casting into inch-square bars, are con- 
cluded by him to prove that the grain of the metal and the physical qualities 
of the casting improve by some function of the number of meltings; and he 
fixes on the thirteenth melting as that of greatest strength. 
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Some most important conditions, modifying if not invalidating such a con- 
clusion, and more especially the effects of the variable mass of the casting, seem, 
however, wholly to have escaped him. Indeed, these experiments, rightly con- 
sidered, only prove what was well known before—that by continually re-melting 
and casting into small pieces (i.e., imperfectly chilling) any cast-iron, we may 
gradually cause all its suspended carbon (in the state of graphite) to exude, as 
Karsten long ago proved, and so gradually convert the metal into an imperfect 
steel, with increased hardness and cohesion, and diminished fusibility, but with 
properties altogether unworkable and useless. No such result can occur when 
the metal is cast into large masses, nor any such assumed improvement by 
repeated meltings, but very much the contrary. (Note G.) 

26. Again, by some iron-founders, one “ make” or sort of pig-iron is presumed 
to give a closer grain than another, and he prefers it; and although this 
is to a certain extent true, i.e., that some cast-irons, that 1s, some of the innu- 
merable alloys that go under that name, do under equal conditions produce 
rather smaller crystals than others, still this view equally fails to attain the ob- 
ject of close-grained, heavy castings. But furthermore, it is a fact familiar to 
iron-founders, that of several castings of the same form and mass, made at 
nearly the same time, from the same mixture of metal, and melted in the same 
furnace, some will, when cold, have a much more coarsely crystalline grain de- 
veloped in them than others. The fact is familiar ; but I am not aware that 
any attempt has been made on principle to explain it, and hence no means have 
yet been prescribed to prevent its occurrence. 

27. Now while the regularity of development of the crystals in cast-iron de- 
pends, as we have already seen, upon the regularity with which the melted mass 
cools, and the wave of heat is transmitted from its interior to its surface, arrang- 
ing the crystals in the lines of least pressure in its transit,—the extent of development, 
or, what is the same thing, the size of each individual crystal, depends upon the 
length of time during which the process of crystalline arrangement is going on, 
that is to say, upon the length of time that the casting takes to cool. Hence, then, 
may be announced as a law, that— 

28. The size of crystals or coarseness of grain in castings of iron 
depends for any given “make” of iron, and given mass of casting, 
upon— 
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1°. The high temperature of the fluid iron above that just necessary 
to its fusion, which influences— 

2°. The time that the molten mass takes to cool down and assume again 
the solid state. 

29. These laws have very recently received the most striking confirmation 
from some quite analogous researches “ Upon the Molecular Properties of Zinc,” 
made by Mons. P. W. Bolley, and published in the “ Annalen der Chim. und 
Pharm.” st. xcv. p. 294. Zine and iron are bodies so closely allied in all their 
properties, chemical and physical, that in almost everything that relates to 
the latter, analogy holds in the most striking manner, and this proves to be 
so here,—where M. Bolley’s results, arrived at, in all probability, without even 
a knowledge of the facts above adverted to as affecting cast-iron, are found per- 
fectly in parallel. 

His paper scarcely admits of extracts: it will suffice, however, to state his 
chief results. He finds that zinc, of whatever sort, whether chemically pure, 
or alloyed with various minute foreign metals, as found in commerce (just like 
cast-iron), is capable of crystallizing upon cooling from fusion in two distinct 
forms. In one, the fracture presents a small-grained, uniform, confusedly crys- 
talline surface, it is “ grenué.” In the other, large, well-formed lamellar crys- 
tals, with their principal axes, standing perpendicular to the bounding surfaces 
of the cooled mass, well known to all who have seen a commercial ingot of zinc 
broken, are produced. 

He proceeds to investigate the conditions under which these two states of 
agsregation occur, and he finds they have nothing to do with the purity of 
the zinc (as respects extraneous alloying metals, or even the carbon that it 
contains, always more or less of), nor with the sort of original crystalline ag- 
gregation of the zinc used for experiment, i.e. whether in large or small crys- 
tals ; but that it depends upon the higher or lower temperature at which the 
zinc is fused and poured into the mould, and upon the rate at which it is cooled 
down to solidification. 

Thus, if zinc be heated just to its fusing point (773° Fahr.), and no higher, 
and be then cast in the mould— 

Its crystalline grain on fracture is (grenu¢) small, fine, and confusedly 
crystallized. 
Its specific gravity is as great as 7°18. 
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It has (as compared with zinc aggregated in large lamellar crystals) a 
slower solubility in acids. 

It has greater malleability, and a greater extreme range of temperature 
within which it remains malleable. (Note H.) 

But if the same zine be not merely fused, but heated up to a red heat, and 

so poured into the mould, then, when solid— 

Its crystalline grain on fracture is coarse, large, and lamellar. 

Its specific gravity is only 6°86. 

It dissolves more rapidly in acids than the former; and 

It has scarcely any malleability at any temperature. 
And these results are the same, relatively, whether in either case the zinc mass 
be let to cool slowly in the mould, or be taken out as soon as solidified, and sud- 
denly cooled in water. 

M. Bolley thinks it probable that zinc may be dimorphous, taking the form 
of the regular system when crystallizing from a high temperature, like copper, 
gold, lead, silver ; and the rhombohedric, like bismuth, antimony, arsenic, tel- 
lurium, when crystallized from just its fusing point, and so indicating relations 
of a crystallometric character with platina, iridium, and palladium, whose atomic 
volumes arealmost the same as that of zinc. Whether this explanation, which 
does not commend itself to me as probable, be so or not, the fact is clear, and, 
coupled with our previous knowledge, may with confidence be applied to cast- 
iron ; and the conclusion and rule be thence deduced, one of the utmost impor- 
tance to obtaining serviceable cast-iron guns. 

30. That the lower the temperature at which the fluid cast-iron is poured into 
the mould, and the more rapidly the mass can be cooled down to solidifica- 
tion, the closer will be the grain of the metal; the smaller its crystals, the 
fewer and least injurious the “ planes of weakness,” and the greater the specific 
gravity of the casting, ceteris paribus. 

31. Practical iron-founders are in the habit of judging of what they deem by 
experience the best temperature of the fluid iron for being poured into the 
mould, by a certain peculiarity in the form of the vorticose movements that go 
on upon the surface of a mass of fluid iron, and called technically “the break- 
ing” ofthe iron. This test, however, is perfectly empirical and fallacious. The 
very lowest temperature at which the iron remains liquid enough fully to fill 
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every cavity of the mould, without risk of defect, is that at which a large cast- 
ing, such as a heavy gun, ought to be “poured.” As respects the rapidity of 
cooling desirable, we shall be enabled presently to consider the conditions that 
determine the extent to which it may be safely carried. 

32. A certain amount of contraction on becoming solid from the liquid state 
occurs in all castings. It is well known to practical founders that for cast-iron 
this is variable, and depends upon the mass of the casting, being greatest for 
small and least for large castings of the same “make” of iron; but it is ob- 
vious, and it follows from M. Bolley’s researches, that the contraction also will 
be greater in proportion as the metal is poured into the mould at a higher tem- 
perature, although, from the expansion in the act of crystallizing, the specific 
gravity of the solid mass may be less at the higher than at the lower tempera- 
ture of “ pouring.” 

33. As, therefore, there are two conditions that principally affect the degree 
of contraction—the total change of volume between the liquid metal and its 
solid casting ; namely, the extent to which the fluid metal as entering the mould 
has been expanded by elevation of temperature and the state of final aggrega- 
tion of the crystalline particles—which we have seen depends much upon the 
former—so there will be a determinate amount of contraction due to a determi- 
nate thickness or mass of casting, irrespective of, though also related to, the coefii- 
cient of contraction for any particular “ make” of iron; for there is no doubt that 
different makes, ceteris paribus, contract somewhat differently. From whence 
it follows, that different parts of the same casting, if differing materially in scant- 
ling or mass, will have different amounts of final contraction; and hence— 

34. Sudden changes of form or of dimensions in the parts of cast-iron guns, 
besides the injury they do to the crystalline structure of the mass, introduce 
violent strains, due to the unequal contraction of the adjoining parts, whose 
final contraction has been different. 

How desirable is it, therefore, to introduce such alterations of the forms of 
our ordnance as shall avoid those sudden and enormous (and often useless) 
changes of adjacent mass, that we observe ; as for example, in the sea and 
land service 13-inch mortars, where at the chamber (where the strain being as 
D"’ is least) the thickness of metal suddenly approaches twice that of the chase— 
a malconstruction the full evils of which we have yet to consider. 
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35. The amount of lineal contraction due to solidification of cast-iron appears 
to vary with metal and circumstances of casting, from 3, up to g}, of the dimen- 
sions of the cold mass. Its contraction in volume, therefore (more than three 
times this), and probably not equal in the directions of three rectangular axes, 
owing to the crystalline structure, is so great, and the difference such, between 
its measure for large and small parts of the same casting, that the latter never 
should be neglected. 

36. The effects of this difference are well known to founders by causing 
castings of certain forms to become distorted or spontaneously broken after they 
have solidified. To multiply instances would be tedious ; but one circumstance 
requires remark, as proving that these internal strains occurring in castings of 
variable bulk exist where little suspected, and that it is with extreme slow- 
ness that the molecules after consolidation appear gradually to assume minute 
changes of arrangement, and to adjust themselves, within certain limits, to a 
state of permanent equilibrium. 

37. It is a fact known well to working mechanics engaged in boring or turn- 
ing or otherwise cutting into large castings of iron that have cooled safely and 
without crack or flaw, that yet when a part of the whole mass shall have been 
cut away—as for example, when a large and thick-flanged cylinder, or a large 
toothed wheel, or other irregular discoid mass, is “ bored out,” the form of the 
exterior of the mass changes during the operation. The portion cut away 
destroys the temporary equilibrium that was established in the mass, and it 
again changes its form, and perhaps its symmetry, and sometimes even its 
volume. 

38. For some most valuable illustrations of the singular forms or lines of 
direction which the curves of internal tension and compression take in solids of 
various forms thus under elastic constraint, Mr. Maxwell’s paper in the Trans- 
actions of the Royal Society of Edinburgh, vol. xx. part i., may be consulted. 

They bear a remarkable analogy to the nodal lines of Chladni and Savart 
traced by their researches on the vibrations of sonorous plates, and are directly 
connected with the optical properties first shown by Sir David Brewster in 
glass under constraining forces. 

39. Sometimes a casting which has cooled safely will fly to pieces on receiv- 
ing a sudden jar or blow, of a trifling degree of force—a fact which is in analogy 
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with that observed by Captain Parry in his earlier Arctic voyages—viz., that 
the astronomical instruments exposed to extremely low temperatures for long 
periods, and quite undisturbed, did not contract to their extreme point until 
after they had been subjected to some slight jar or blow, when the metal of 
the instrument suddenly became reduced in volume, and its dimensions again 
stationary. 

40. The extreme slowness, continuing sometimes for months, with which 
these molecular changes take place, due to the gradual adjustment of such inter- 
nal strains, has been beautifully shown in a,memoir on the elastic properties of 
solids (Annales de Chimie, vol. xli. p. 61), by M. Savart, who found that plates 
of sulphur cast into flat discs continued to change their state of molecular ar- 
rangement for long periods after solidification. 

41. It follows from this that old guns that have long been bored and laid in 
store are likely to be more trustworthy than those hastily cast, bored out, and 
brought into service ; and this seems to be supported in some degree by ex- 
perience. 

42. In general extension and support of the views I have advanced as to cast- 
ings in iron becoming endowed with variable powers of resistance depending 
upon external form and mode of casting, &c., the important memoir of M. Savart 
above alluded to should be consulted. By refined and delicate methods of 
investigation founded upon sonorous vibrations elicited, he has shown that nu- 
merous bodies, such as zine, lead, cast copper, glass, plaster of Paris, sealing-wax, 
and others, though possessing apparently a perfectly homogeneous structure, 
have it not; but, on the contrary, all possess lines or planes usually crossing each 
other at right angles, in which their resisting powers are enfeebled, and which 
he has called azes of greatest and of least elasticity, and which he attributes 
to the arrangement of their molecules assumed in the process of cooling. The 
relations of these phenomena to the conditions of cooling and external form of 
the body as affecting these, however, do not appear to have been perceived by 
M. Savart, and the author of this paper believes have been here stated in a 
distinct form for the first time. 

43. Besides the effects already referred to, due to the contraction of cast-iron 
in becoming solid, another class of abnormal strains introduced by the consolida- 
tion of one portion of a casting before another, must not be passed over, as often 
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producing results of the most important character in artillery. This will be 
more readily understood by immediate reference to example. When a large 
gun, or, still more, a large mortar, is cast solid, and the metal cools in the ordi- 
nary way, the external portions solidify long before the interior has ceased to 
be liquid, and the process of solidification is propagated, as it were, in parallel 
“couches” from the outside to the centre of the mass. The lineal contraction 
of any one couche assumed of indefinite thickness is in the direction of its 
circumference directly proportionate to that circumference; and so it would 
seem (at first) that the contraction of the whole assemblage should be at every 
point proportionate to its distance from the centre, and that so the solid, 
when all cold, should be left in a state of molecular equilibrium. This is not 
the case, however; for no sooner has the first couche or thickness of solid 
crust formed on the exterior, than it forms a complete arch all round, so that 
the contraction between fluidity and solidification of each subsequent couche 
is accommodated (the continuity of the mass remaining unbroken throughout) 
by portions of matter withdrawn radially from the interior towards the still 
cooling exterior; that is to say, from a smaller towards a larger circumference. 
The final effect of this, propagated to the centre of the mass, is twofold :— 
Ist. To produce a violent state of internal tension in the molecules of the 
metal, in radial lines from the axis of the gun viewed as a cylinder, tending to 
tear away the external portions of the mass from the internal nucleus ; a force 
which is zero at the axis and at the exterior, and a maximum between and 


probably at a point of the radius somewhere between & and 2 from the ex- 


terior. 
2nd. To produce about the centre or along the axis a line of weakness, and 
one in which the texture of the metal is soft, porous, of extremely low specific 
gravity, with coarse and frequently, distinctly separated crystals, and often 
(notwithstanding the precautions of the founder in “ feeding” the “head of 
the casting”—that is to say, in slowly adding fresh quantities of hot and fluid 
metal while ever it is possible to get it introduced into the centre of the solidi- 
fying mass), leaving actual cavities in the centre of the casting. 
44. In a casting of two or three feet or more in diameter, it is not unusual 
(with the founder’s best care) to find a central portion of from 6 to 8 or more 
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inches in diameter, consisting of a spongy mass of scarcely coherent crystals of 
cast-iron, usually in arborescent masses, made up of octohedral crystals ; the whole 
so loose that upon a newly-cut section dark cavities can be seen by the naked 
eye in all directions, out of which often, single or grouped crystals can be picked 
with the hand, and so soft that a sharp-pointed chisel of steel may be easily 
driven into the mass some inches, as if into lead or soft stone. It fortunately 
happens that in pieces of artillery a large portion of this defective core of spongy 
metal is removed in the process of boring out; but where the hollow taken out 
thus, does not extend very close back to the exterior of the breech—in other 
words, where the thickness of the breech in the line of the axis is considerable, 
a portion of the spongy uncompact metal is left remaining, and forms the part 
of the gun at the bottom of the bore or chamber. This is most remarkably 
the fact in large mortars. An absurd adherence to a false analogy with long 
guns, or to antiquated routine, compels all mortars in our service still to be 
cast solid, and then bored out. The diameter of the mass is great in a 13-inch 
sea mortar—about 3 feet 4 inches. The mass of metal left below the chamber 
when bored out, is immense, and quite useless. The effect of both is, that every 
mortar has got a “soft spot,” just at the bottom of the chamber, and extending 
downwards from it in the line of the axis ; and that every part of the chase of 
mortar is in a state of violent molecular strain, from the consolidation of its 
external walls, long before the interior portions ; and hence weakness in the 
whole piece. 

45. Fig. 1, Plate m1, is a section in line of axis, and plane of trunnions, of a 
13-in. sea mortar, with the head of metal remaining attached, and the whole in 
the position in which the mortar is usually cast, with the parts to be cut off and to 
be bored out marked by and above a black line, exterior to which is the finished 
mortar. The shaded central portions represent the weak and porous parts of the 
metal about the axis, extending down, it will be observed, below the bottom of 
the chamber, where it leaves a soft spot, easily hammered and burnt away, by 
the shock and blaze of the powder. From the conditions of internal strain already 
explained, the exterior of the cylinder is in a state of compression, and the 
interior in a state of tension, a state (as we shall show hereafter) precisely the 
reverse of that calculated to give the metal its greatest power of resistance to in- 
ternal strains in the direction of the radius. 
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These phenomena are plainly brought into evidence in mortars ; but they 
exist, in less degree, in cannon, though, from the length of chase of the latter, 
it is extremely difficult to make any perfect examination of the state or qua- 
lity of the metal at the bottom of the bore. 

46. Figs. 2,3,4, and 5, Plate m1, represent portions of castings, in section, of 
various external forms, in which sudden changes of volume frequently produce 
internally actual cavities, technically known as “draws” amongst workmen. Fig. 
2 is an excentric shell. Fig. 3, partial section of a girder, with a thick base 
rib, and thin vertical web. Fig. 4, part of a heavy flat casting, with a thin flange 
projecting from it. Fig. 5, part of the upper (or mouth) portion of the cylinder 
of an hydraulic press (one which occurred in the author’s practice), but quite 
similar to the conditions so well described by Mr. Edwin Clarke, of the first 
defective cylinders cast for raising the Conway and Britannia tubes. 

47. These internal cavities are usually found more or less perfectly lined with 
adherent crystals of cast-iron, and with plates or crystals of exuded graphite. 
The figures given sufficiently illustrate their general character. The main or 
longest directions of these irregular cavities always tend to follow the “ planes 
of weakness,” or to place themselves, at right angles to these. 

Their magnitude depends upon— 

1°. The coefficient of cubic contraction of the particular “ make” of cast- 
iron. 

2°. The high temperature at which the fluid metal has been “ poured,” 
i.e., the length of range of temperature through which it has 
cooled, and the inefficiency with which the mass has been subse- 
quently “ fed” while solidifying. 

3°. The mutual relations as to volume of the adjacent and successively 
solidifying parts of the whole mass. 

No British makes of cast-iron are so subject to violent “ draws” as the best 
and toughest of the South Wales irons, such as the Blaenavon, &c. 


6.—Lifects of Bulk and Fluid Pressure. 


48. It isa remarkable fact, though one not yet fully explained, that a small 
bar, cast on-to, or projecting from, a casting in iron of verylarge scantling, when 
afterwards broken off and tested, will not sustain, by a good deal, as great a trans- 
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verse or longitudinal strain as the same sized bar, of the same metal, cast 
alone (i.e. in an isolated mould), and under the same “head” of metal. This 
circumstance, no doubt due to the conjoint influence, of several of the molecular 
conditions that have been under discussion, appears to be in part due to the 
extreme slowness with which the small bar cools in close proximity to the large 
mass of which it forms an appendage. 

49. It was most probably owing to this cause that Mr. Hodgkinson found the 
specific gravity of the thin webs, of the cruciform section of castings, adopted 
by him for experiments on the extension of cast-iron, under tractile forces, to 
be less than that of the parts of the same bar having greater bulk. The fact seems 
to conflict with the general one ascertained by me, that the specific gravity of 
castings is less in proportion to some function of their mcreased volume, as 
shown in Table 1, following. 

The law, however, enunciated in this Table applies to the average specific 
gravity of separate masses of similar form, but different volume, and cast each in 
a separate mould, and in the same way, and is, therefore, not affected by Mr. 
Hodgkinson’s case. 

50. Slow cooling developes a coarse, uneven grain,with large but thoroughly 
irregular and confused crystallization. Cast-iron with such a grain is never 
strong or cohesive, though perhaps soft and extensible. The more rapidly a 
casting once consolidated can be cooled, without introducing injurious effects, 
the finer, closer, and more even will be its grain on fracture, and with any given 
metal the greater will be its strength. The rate of cooling cannot be accele- 
rated beyond a moderate limit. If this limit be exceeded, as by casting in a cold, 
thick, highly conducting metallic mould, the iron is “ chilled,” its chemical, or, at 
least, its mixed constitution changed, andthe uncombined graphite is exuded, the 
combined carbon only remaining in the white chilled metal. It cannot be so fast 
as to endanger unequal contraction, nor must it be so fast in large castings, such 
as guns requiring to be “ fed” from a “ feeding head,” with fresh portions of hot 
fluid metal during consolidation, to fill up the internal cavities or porosity due 
to contraction and crystallization, as already explained, that this feeding cannot 
be accomplished. The prevalent notion, however, that the soundest and 
strongest castings are obtained by letting them cool slowly in the moulds, is 
founded on a radical error. 


164 Mr. Matter on the Physical Conditions 


51. The enormous time required by a large casting for cooling, especially 
if left to cool in the mould, and hence “‘ jacketted,” with its badly conducting ma- 
terial (clay and sand) is not generally known. The hydraulic press cylinders 
for raising the Britannia Bridge tubes, which were about 12 feet long, and about 
33 feet diameter, and weighed in the mould, perhaps, 20 tons, were found red 
hot at the expiration of seventy-two hours after having been cast, and only 
became cold enough to handle ten days after being stripped from the loam, and 
required “ feeding” for more than six hours after having been poured. During 
the greater part of this time, molecular changes were going on, increasing the 
coarseness of the crystalline grain of the metal, and reducing its tenacity. It 
would have been much better practice to have kept the exterior of “the loam” 
wet, and thus induced cooling by evaporation, as soon as ever the “ setting” 
of the metal had rendered it safe to do so. 

52. The cooling must be uniform, so far as uniformity is possible. This is 
impossible, strictly, in any casting; the approach to it is most difficult, in heavy 
solid castings, such as guns and mortars, and hence the great advantage that 
would result from a return to the antique practice of casting them hollow upon 
suitably made “cores,” as admitting of internal cooling by artificial means, such 
as a current of air, at the same time that the outside is cooling. It is under- 
stood that the American Government so requires its guns cast, and cools them by 
a current of water passed into the interior—a practice of very doubtful advan- 
tage, as not under sufficient control to insure avoidance of an evil greater than 
that it is proposed to remedy, namely, cooling the interior of the gun much 
faster than the exterior. ‘ 

53 Unequal cooling, especially if very rapid, involves all the injury, that 
violent internal wrenching and straining can do to strength,—strains of the very 
same character as those under which it is part of the purpose of this paper to 
show, that guns burst, and which often, in the every-day practice of the iron- 
founder, result in actual fracture. 

54. Guns have long been cast in a vertical position, and with a certain 
amount of “ head” of metal above the topmost part of the gun itself: one object 
gained by this (of great value) is to afford a gathering place for all scoria or 
other foreign matter, an end that might be much more effectually accomplished, 
were the metal always run into the cavity of the mould by “ gaits” leading to the 
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bottom or lowest point, in place of the metal being thrown in at the open top, 
with a fall at first of several feet, as is now the common practice, by which much 
air and scoria are carried down and mixed with the metal, some of which never 
rises up again, or escapes as “air bubbles.” But the great value of increased 
head of metal, in adding to the density of castings, and so also to their strength, 
appears so little generally known, or, if recognised, is so seldom attempted to 
be practised, to any considerable extent, i.e. depth of head, that I am induced 
here to repeat the Tables xu. and xi. from pp. 304 and 305 of my Second 
Report on Iron, Transactions of the British Association for 1840, in which the 
results are given of some extended and careful experiments made by me, to 
ascertain the relation between the head of fluid pressure and the specific 
gravity of the casting. 

55. My experiments were made upon cylindrical shafts of cast-iron, cast ver- 
tically, in dry sand moulds, and under heads gradually increasing up to four- 
teen feet in depth ; and all poured from “ gaits” at the bottom. 


Taste I. 


Showing the increase of Density in Castings of large size, due to their Solidification under a 
head of Metal, varying from two to fourteen feet in depth. 


CALpeER Cast-Iron, No. 1. BLAENAVON, No. 1. APEDALE, No, 2. 
Hor Buast. Coup Brasr, Hor Brasr. Quam prox. 
No. of | Pressure 

mee | Deyitlat Depth of Depth of ‘|i ibe per’ 

SNS cific First pe | Specifi Fir aa i i i 
(ee Gane Difference. pear Gravity. ‘ Difference. jase etn ain Diaeeebe eae Ben 

1 0 6°9551 0 70479 } 0 70328 0 

2 24 69633 0082 24 70576 *0097 |! 24 70417 0089 |! 6:4 

3 48 70145 *0512 48 70777 0201 48 70558 0141 || 12-8 

4 72 77-0506 “0361 72 70890 “0113 72 7:0669 OL1L j}, 19-2 

5 96 70642 0136 96 71012 0122 |} 96 70789 0120 25°6 

6 120 70776 0134 120 71148 “0136 120 70915 0126 | 32-0 

7 144 70907 0131 144 71288 0140 144 71046 “0131 38-4 

8 168 71035 0128 168 71430 “0142 168 71183 0137 44°8 


These experiments show an increase of density due to 14 feet head about 
equal to a pressure of 44-8 lbs. per square inch on the casting, from 6-9551, to 
71035 for Scotch cast-iron. 

56. In the following Table, No. 11, the decrease of specific gravity following 
increase of bulk is obtained. 
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Taste II. 


Showing the decrease of Specific Gravity, due to increase of bulk, of Iron Castings made from 
the same sort of Cast-Iron, and under similar circumstances. 


CaLpER, No. 1. BLAENAyON, No. 1. APEDALE, No. 2. 
Hor Brast. Coup BLast. | Hor Brast. 
Mark of 
Experi- 
maenits Dimensions Specific First Dimensions Specific First Dimensions Specific First 
of Casting. Gravity. Difference, of Casting. Gravity. Difference. of Casting. Gravity. Difference. 
Inches. Inches. | | Inches. 
A 5x5x 025} 7:0560 F 55x 0°25} 7:1449 5 |5x5x 0°25| 7:1876 F 
B |5x5x050} 7:0261 renee 5x5x0:50| 71464 oe 155x050! 71735 ae 
Cc 5x5x1 7:0627 0771 5x5x1: 71423 0270 5x5x 1° 771164 SRS 
D 5x5x 2° 69856 ABE 5x5x2° 71153 0211 || 5x5x2: 70806 -0393 
E 5x 5x4 6°9588 5x5x4: 70942 5x5x 4 70483 


57. For the relations that both head and bulk of casting appear to bear to 
strength, see the observations at page 270, Report (wé supra). Fineness of 
grain, smallness of crystal, density, increased cohesion and elasticity, and 
diminished corrodibility by chemical agency, all are induced by casting under 
largely increased statical heads of fluid metal. Let us hope so evident an 
improvement may no longer be neglected in our gun-foundries, where, by 
apparatus not difficult to contrive, atmospheric pressure, or that of condensed 
air, might easily be brought to aid that of the head of metal, with economy in 
reducing the labour and cost of the mass of metal to be melted, and with the 
advantage of enabling the pressure on the solidifying mass to be varied, or 
repeatedly increased per saltum, so that by a certain amount of regulated mo- 
mentum, the consolidating particles should be pressed and shaken into contact. 


7.— Quality of Metal. 


58. The repeated failures of cast-iron ordnance latterly, and a very imperfect 
and uninformed appreciation either of the causes, or of the respective qualities of 
various “ makes” of cast-iron, have induced the belief and expression of doctrine 
“on authority,” that the failures have been owing to the use of British makes 
of cast-iron ; that smelting with pit coal produces effects highly injurious to 
the tenacity of the pig-iron, &c., &c. ; and that the remedy is to be sought in 
the employment of foreign cast-iron, smelted with charcoal only, such as that 
of Nova Scotia or Sweden; and acertain plausibility is given to this half-fledged 
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theory, by the instance that “a Swedish or Russian gun is never known to burst,” 
and that American and Swedish guns, even field-guns, are now fabricated of 
some similar iron. 

The whole isa fallacy. There is no just reason to believe that any stronger 
pig-iron is to be found from abroad than many well-known “makes” of Great 
Britain. The fault is not in the iron, but in the want of skill to choose what sort 
of iron to obtain from the blast furnace in the first instance, and how to recog- 
nise and choose it for gun-founding, in the second. 

59. “ Fine-grained gray mottled iron,” it is constantly and truly said, is that 
best fitted by tenacity and by elasticity for ordnance. But how is this in 
England continually attempted to be obtained ? By mixing a perfectly white 
lamellar No. 4 pig-iron, or “scrap metal,” equally intensely hard and infusible, 
with some soft, micaceous, or largely and coarsely graphitic dark gray, or almost 
black No. 1 Scottish or Staffordshire pig-iron. The two, possessing totally dif- 
ferent fusibilities, may be imperfectly mixed together, but they cannot be combined 
by mixture. They form a mass of coarse mottled iron, with large black dots of 
flat scales of graphite in a white ground, more or less like “ hornblendic granite,” 
having a low density and small cohesion and elasticity. (Note H.) 

60. Let us observe what one of the ablest metallurgists of iron in Europe, 
Karsten, a man well acquainted with Swedish iron industry, says as to the 
modes by which the iron is chosen for those very Swedish guns :—“ The tena- 
city of gray cast-iron is much less in proportion as the metal has received a 
more intense heat in the blast furnace, and if we require castings to give a very 
great resistance we must not employ it; that which is obtained from less 
refractory ores, and in furnaces of lower temperature, answers much better for 
castings demanding much strength, provided that it be not too gray [too gra- 
phitic], and that it do not expel too large a quantity of graphite [in cooling, 
namely], which often gives rise to breaches of continuity in the interior. [NoteI.] 
In certain cases we must neither use one sort nor the other of iron [viz., neither 
gray iron nor white, of which he before had spoken]. Cannon, for example, 
must not be cast from gray cast-iron, especially when produced from a mix- 
ture of refractory ores and flux, because then it contains always a large pro- 
portion of earthy metals ; but even with readily fusible ores it is extremely 
difficult so to work the smelting furnace that the pig-iron shall neither be too 
gray nor too white, either of which is equally injurious for gun-founding. 
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“In Sweden they remedy this difficulty in the following way:—the charge 
for the furnace is made up partly of roasted ore and partly of raw ore, and the 
furnace is so kept in blast that its yield shall be regular, and the slag good 
(i. e. nearly colourless). There is thus obtained a pig-iron, very closely mottled, 
made up of white lamellar iron, and of dark gray iron, like the usual mixed 
qualities of pig-iron. It is obvious that these two sorts of ores, having two 
different degrees of fusibility, are reduced after different periods in the furnace, 
and hence afford, one of them gray, and the other white iron. If the minerals 
be properly proportioned, there is obtained a very finely mottled gray iron, 
which is less porous, harder, and more tenacious than the gray irons obtained by 
the ordinary methods [of mixture, namely on remelting in the cupola.” 

He then proceeds to describe another method of working the blast furnace, 
by which similar results may be obtained, and concludes: —* By these means 
we may determine to pig-iron any proportion of carbon we please; the 
metal becomes more tenacious, expels less graphite [in cooling, namely], 
and never shows spongy cavities after cooling.”—Karsten, Handbuch der Hisen- 
huttenkunde. (Note I.) 

61. M.Kulmann, also, in his Lectures on the Manufacture of Projectiles, &c., 
for the Artillery School of Metz, gives a precisely similar account ; in a word, to 
obtain the very finest quality of cast-iron for gun-founding, all that is necessary 
is the use of a small-sized blast furnace, such as those occasionally found in 
Staffordshire, a very gentle blast, and a heavy charge of ore and flux, in the 
mixed form above directed. A low temperature must be preserved in the 
furnace ;—the production of dark gray, graphytic iron resulting always from 
intensity of heat. 

62. The use of charcoal in place of pit-coal, or coke, does not appear essen- 
tial. Many “makes” of British iron, smelted with sulphur-bearing coal, yet afford 
no sensible traces of sulphur on analysis ; its exclusion being always capable of 
being insured by a proper mode of working the furnace, while the recent 
researches of M. Janoyer, Director of Iron Works in the south of France, appear 
to indicate that by the judicious use of a certain proportion of phosphatic ores, 
along with our ordinary clay ironstones, sulphur may be completely eliminated 
from the iron, the sulphur being replaced permanently by phosphorus, and 
going off as sulphuret of carbon. 


63. Neither does the use of cold blast appear indispensable, although greatly 
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facilitating the preservation of that moderate temperature in the blast furnace, 
upon which the production of the desired sort of iron depends. 

64. But the working of a small blast furnace, at a low temperature, and in 
the method above described, produces necessarily a small daily yield of pig-iron 
—it, therefore, will not pay ; and hence will not be adopted by any maker in 
Great Britain, unless insured a proportionally remunerative price for his manu- 
facture of a special pig-iron, destined and well fitted for the manufacture of 
our national ordnance. If such an inducement be given, makers may soon be 
found to produce pig-iron, better fitted for gun-founding than any foreign iron. 

65. It is a mistake to suppose that the foreign charcoal cast-irons have a 
greater tenacity generally than our British “ makes;” the reverse is the fact, and 
equally so with wrought-irons. In proof of this I may quote the results of a most 
carefully conducted and extensive series of experiments made under the direc- 
tion of the late Mr. Tierney Clarke, C. E., with reference to the relative 
strengths of Hungarian and Austrian cast-irons as compared with British ; the 
former were proposed being used in certain parts of the suspension bridge 
across the Danube at Pesth, in Hungary, exposed to transverse strain. 


General Results of Experiments on Hungarian Cast-Iron at Pesth. 


Transverse strain, reduced to bars of 3 feet bearing, and 1 inch square. 


Count Andrasi’s sn DGrniGim seh cM stilas (sy te Mongar, svc. Oe ltoloilbss 

Hoffman, Brothers, Madersbach,. . ...-.. +... - =~». 651°996 ,, 

C@oncordialSWorkenpebokye 4 ere ee eee fs) an la ee UGVSrO50) 4, 

Pesth Foundry, .. . 65 e RIO by ko) a Yah a cen ea cated a0 PUI ta 

Baron Rothschild, pean aT age i OfmS ibe ce Crees 964-080 ,, 
General average,. . . . - slag slad oi ctbal-lie = 785: 253 lbs. 


Load in middle.—All Cold-Blast Iron.— Banks’ experiments, quoted by Barlow, p. 221, gave a 
mean of 844 Ibs., and were Cold-Blast, agreeing very nearly with Tredgold’s for Staffordshire Cast- 
Trons, also Cold-Blast. 


To these might be added sufficient proofs that, generally, the European cast- 
irons made with charcoal, are not as strong (taking all the conditions which 
the word embraces) as the best makes of British cast-iron. 

66. Again, as respects wrought-iron, if the numerous tables of experimental 
strength, published by Karsten, Vicat, Le Blanc, Dulean, and others, be 
examined, it will be at once seen that few continental “makes” of iron (even 
charcoal iron) equal in strength our best British irons. As regards the special 
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results of charcoal smelting and refining, it was remarkable that in the Belgian 
Departments of the Exhibition of 1851, the MBR. Ardennes charcoal-iron, cer- 
tified “ never to have produced a musket-barrel that burst,” stood beside the coke- 
made iron wire of Orban and Sons, certified to stand a strain of above 40 tons 
to the square inch. The experiments made on the Samakoff and Elbese char- 
coal irons, and recorded (Proc. Ins. Civ. Eng., vol. 111. p. 225), prove also their 
sreat inferiority in strength and elasticity to the vast mass of British makes. 

Some valuable Tables of comparative strength of French with British and 
foreign wrought-irons may be found in a Paper by M. Martin (“Du Fer dans les 
Ponts Suspender,” &c. Ann. des Mines, 3ieme Ser., t. v. p.68). These experi- 
ments were made by Colonel Barbe and M. Bornet, at the Iron Works of Cha- 
mond and of Fourchambaullt. 

It would be tedious to quote these authorities even in extract ; but the re- 
sult may be given in the words of MM. Flachat, Barrault, and Petiet, in sum- 
ming up these experiments :—“ The mean resistance of these irons (the best 
that France, at the time (1845) could produce) is about 35 kilos. to the square 
millimetre ; and cable irons being always made with much care, are therefore 
stronger than the majority of ordinary irons, while the experiments made in 
England by Telford and Brunel give resistances of from 40 to 50 kilo. to the 
square millimetre.”—Fabric. de la Fonte et du Fer. 

67. It has been repeatedly proposed and abortively attempted to improve the 
quality of cast-iron for guns, by the admixture of some foreign metal in minute 
proportion. Copper, it was affirmed by Hassenfratz long ago, added much to 
the tenacity of cast-iron. This alloy was-formed, and some experiments made 
on it by the younger Bramah, as recorded by Tredgold, and it is affirmed to 
have been adopted by Perkins, for closing the porosity of cast-iron when ap- 
plied to the cylinders of hydraulic presses. Tin, lead, tungsten, manganese, 
have also been tried, but none to any good purpose, nor could any be justly 
anticipated ; the affinities of iron in forming alloys are very slight, and its pre- 
vious combination with carbon, for which it possesses so powerful an affinity, 
seems to reduce the former to so low a point that its alloys are little better 
than heterogeneous mixtures which separate by eliquation on cooling. 

68. Want of assured homogeneity, especially in large masses, appears also 
to be the objection to “ Stirling’s patent toughened iron,” i. e. wrought-iron fused 
in mixture with cast-iron, nor is it easy to see how his method gives a result 
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better than what is attainable by the admixture ofa proper selection of different 
cast-irons alone,—though well deserving a much more careful course of experi- 
ment on the part of the gun-founder, than has yet been devoted toit. Much stress 
has been laid by some, too, upon the melting being performed in air furnaces in 
preference to cupolas urged by blast. The only real difference as respects good- 
ness of result, however, seems to depend upon temperature ; if this be the same, 
the results are the same with either form of melting. 

69. Usually, however, the temperature of the cupola is vastly higher than that 
of the air furnace, and its consequence is the formation of an alloy of the bases 
of the alkaline and earthy metals with the cast-iron, by which its tenacity is 
always seriously reduced. These alloys, when present largely in pig-iron, are 
always indicated by a peculiar whitish pallor of the fresh fracture, and are only 
formed at intense heats, at which also the micaceous plates of uncombined car- 
bon become developed as graphite, upon the largest scale, a fact first pointed out 
some years since by Schafhaeutl. Unnecessary heat of fusion then injures the 
quality of the metal, as unnecessary heat of “‘ pouring” injures the quality of the 
casting. It does this in two ways, by the introduction of foreign earthy and 
alkaline bases, which greatly reduce the cohesion, and far more by the great in- 
crease of surface produced by extreme elevation of temperature, in the disse- 
minated plates of graphite. These, scattered through the mass like mica or 
hornblende in granite, present at their innumerable planes of cleavage almost 
no cohesion; but these planes are, in accordance with the general law of ar- 
rangement in the “planes of least pressure,” found mainly to coincide in paral- 
lelism with those of the crystals of the iron itself (i. e. the carburet of iron which 
constitutes the metal of cast-iron chiefly ), so that the total deterioration of strength 
due to smelting at an extremely high temperature is very great, and this is in fact 
the secret of the much discussed and unquestionable inferiority of hot-blast iron 
over cold; nothing more than the elevated temperature induced in the blas fur- 
nace. All cast-iron, in its progress towards wrought-iron in the “ puddling” pro- 
cess, passes through an intermediate stage, in which it is more or less perfect 
cast-steel ; and the Styrian steel (Stahleisen) is produced direct from the “ finery 
pig” merely by an adroitly managed puddling, stopped at the proper moment. 

70. Ishall conclude this portion of the subject by the following Table, princi- 
pally derived from my Report (Trans. Brit. Ass., 1840), in which the general 
characteristics and working qualities of the more important “makes” of Bri- 
tish cast-iron are combined and systematized :— 
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Taste III. 


Genera Crassirication of the principal Makes of British Cast-Irons as applicable to Artillery. 


c I His coms F Specific | How * Puyst 
LASS OF IRON. or | merci RACTURE. HARACTER IN WORKING. i - cAL 
Cold. | No. c aera Gravity.| Cast. Maxtma anD Minima. 

eee SAR ar Cold. ae 2. Silvery. GSO IEE Eageciny rapid- Gane cua 

ardest procurable, . . . crap ” ly when fluid by a spontaneous 624 | San Maxim: ity. 
Oldberry, .-+--.+-+-- Hot. | No.3 ” “puddling;” vesicular, often|| 7501 | Sand. Ee in No. 22. 
Pankey, wf ioftsl bale airs : ot Ate ” eae aucapanie or nelng ey ea Maximum ultimate strength and 
eu! Bite cena «Se, t/a My ot. 0. ” cut by chisel or file; ultimate “629 ile i 
Gallien fie. te et ae || Oe) |) Nol 4s ” cohesion a maximum; and 7527 «| Sand. value of 7,, nearly asin No, 40. 
aay iri aay Me as ae Hae ” elastic range generally a mi-|| 7158 Rae 

oulais (Finery Pig), . . ot. 0. ” nimum. 6378 i ; “ 

é : ery soft; feels greasy; pecull Full of microscopic vesicles, 
Aviptig, es aeheie tenets Cold.| No. 1. Micaceous. micaceous appearance, gene- 7015 | Sand. 
Burchill’s,,.-..-.- Cold. | No. 1 ” rally owing to excess of man- 6-928 | Sand. 
Muirkirk, ....... . | Hot. | No.2. Fi) ganese; soils the fingers 6980 | Sand. 
Peutwyn (peculiar), . . . | Hot, | No.1 ” strongly ; crystals large ; runs 7-000 | Sand. 

; very fluid; contraction large. } 
ARIPMBS .woeel weet | OOlU. || NO.jen Mottled. 7-308 | Chilled. 
Apedale (Cylinder Iron), . | Hot, | No. 2.. ” 7116 | Sand. 
Pevtwyitjuc byslenx ' ue Hot. | No 2, ” 5 7-017 ‘| Sand. 
Calder, No.1-++ Peutwyn, 

No.2+Scrap,..... r ” 7168 | Sand. 
Gray agen (Blaenavon, A 5 

NG. -SCYAN)y cies st] aus, | A difficulty filed or cut; crystals 7138 and. i jon t ' 
Monkland, ....... Hot. | No. 4. 7 arpa small, mixed ; some- 7294 | Sand. Maximum contraction in cooling. 
Clyde,. Eee Cold. | No, 1 a5 times runs thick; contraction || 7140 | Sand. 
Parkfield, ........ Cold. | No. 1. a op cooling a maximum. 7248 | Sand. 
medals oe ca eee ne ” Sle ate ais ra Sa 

JGVOD! vis ts ss = eck 0) 0. ? = "280 and. Hl ; 
ny ae ee a Hot. | No.1 2 ll) Zea |\reimniesr,|| Meee erase at oe 
arene eee < a) ume 6 || ec ca Gace = = it = pes eniled: 

ler 4, Scrapi4, «<2 |< . . .| Bright Gray. 9 ille ini it 

Garteherry, .- 2s. Ticks NoeaS ieee a Tis ||Sand: 7| ““zimum density, porous as No: & 
Gow Moor, 95. one .y% Cold. | No, 2, u 5 7150 | Sand. 
Shotts, . . Hot. | No. 2, a 7152 | Sand. 
Blaina, fhe iets fey okt Cold. | No, 3. Ay ai fatal wages Sepeveqets tee 7159 | Sand. 
Arigoy rec 3. Seas Cold. | No. 3, Be Toughness and hardness most 7141 | Sand. 
Gartsherry, ......-+ Hot. | No. 1, + suitable for working ; ultimate 7-001 | Sand. 
Shotts, ....+.. - - | Hot, | No. 3. + cohesion and elastic range 7183 | Sand. 
Warteg Hill, 6... Hot. | No. 2. 7 generally are balanced most 7074 | Sand. 
Calder, . .. Seep en | eLote ENO ” advantageously ; crystals uni- 7064 | Sand. 
Summerlie, ...... . | Hot. | No. 2. Be form, very minute. | 7156 | Sand. 
Madeley Wood, . ... . | Cold.| No.1 oh ale oe nd Bho SA 7115 | Sand. 
Elsecar, . . «so - 6 o's Cold. | No. 1. ” 3 7-097 | Sand. 
Cinderford, ...... . | Cold.| No, 1. > . 7-049 | Sand. 
ey ar Ra | |) Fa | 

rtaherry, <0 2,2 5 ot. 0. oy a Sen (os r 
Mulrkirky sas .5 45 ae Hot. | No.3. | Dull Gray " f| @e3s |Sana. |=Value of 7, maximum. 
Monkland,.......- Hot. | No. 3. on 4 7124 | Sand. 
pas ot lelaeie tue aeie te Ree of Gea OSS OF cho foe peat 

ABDAS oo) 6 one ou 0) 0. 2, 5 ess tough and hard than the ; an ‘ni i i 
Shotts, .....-..-+ Hot. | No.1, z preceding; other characters 7109 | Sand. Minimum density, solid. 
Tillieshall) io. te wee Cold. | No.1, ry alike ; contraction on cooling 7-205 | Sand. 
Shotts. . s.. 5 fe Hot. | No. 2. sy generally a minimum. 7152 | Sand. 
Caedtalon,. . 2.2... Hot. | No. 2. i 7-030 | Sand. 
Builery,- 2s se nw Hot. | No. 1. as 7063 | Sand. 
Caedtalon, ....... Cold. | No. 2. ay 7-020 | Sand. 
Carron, ... 6.22 ee Cold. | No.2. | Dark Gray. |) - +--+. +--+ +- dak» Aa 7107 =| Sand, 
Doulais,. ........ Cold. } No. 3 is Most fusible, remains long fluid ; 7159 | Sand. 
Doulais,....... - - | Cold.| No. 1. a exudes Eraphite in cooling ; 7192 | Sand. 
Blaenavon, ...... . |Cold.| No.1 * soils the gers; crystals 7143 | Sand. 
einen maps Jace dale poe ate 2. es oe and lamellar; eee poe seat 

U1) Beer emer : ot. 0.1. + cohesion a minimum, an jan = S 
Calder, cS che se seca Hot. | ss « 3 elastic range generallya max-|| 7°027 | Sand. Minimum ultimate strength. 
Calder 3, Peutwyn}....]-. |e: A imum. 6978 | Sand. 
Arigna 3, Peutwyn 4, Rye, ho eae een. elie 7-050 | Sand. 


Nore.—All deduced from equal pieces, cast one inch thick and five inches square. 
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8.—Causes of Liability to Bursting in firing Red-hot Shot. 


71. Amongst the causes assigned by artillerists for the frequent bursting of 
guns in firing red-hot shot, have been these, that the windage is reduced by the 
expansion of the shot enlarging its great circle, and hence the stress upon the 
gun increased; and that by the conjoint effect of the heat of the shot, increas- 
ing its diameter, and that of the expansion of the gun (produced by the heat of 
the shot) in an internal direction, or towards the axis, diminishing its caliber, 
the shot becomes wedged in the gun. That this solution is erroneous is not 
difficult to prove. 

72. Sir H. Douglas (Naval Gunnery, p. 88) states that at a white heat a 24 |b. 
shot expanded ~1, ; a 16-pounder, 7; and a 6-pounder, 4, of their respective 
diameters. These ficures are probably erroneous, inasmuch as if the coefficient of 
expansion and the temperature be the same for each shot, the ratio of expansion 
to diameter should be the same for all. 

Professor Daniell’s experiments with his own pyrometer gave the lineal ex- 
pansion of cast-iron between 62° Fahr. and its melting point at ;4 part, very 
nearly ; it is almost certain that this largely overrates the amount, as the re- 
sults of practice in iron-founding have constantly proved that the contraction 
of fluid cast-iron in becoming solid seldom reaches +}, of the lineal dimensions, 
and never exceeds 3}, 

The figures given by Sir H. Douglas, however, may, perhaps, be accounted 
for in this way—that the three diameters of shot were all cast from different 
qualities of iron, and that, being cast in iron moulds, a certain amount of in- 
ternal strain might remain permanently upon them, by the rapidly chilled sphe- 
rical crust compressing the interior, which is relieved when the shot is again 
heated red-hot, and which compressive strain would vary with the diameter, 
and be least for the largest shot. The 6-pounder shot being small, and pro- 
bably equally hard all through, this would not apply to it. 

73. However this may be, it is certain that shot, cast in iron moulds, must 
have a constant strain of the exterior upon the interior, and hence a powerfully 
increased tendency to split and fly to pieces on striking any hard object, such 
as a wall; and this suggests that shot intended for battering purposes would 
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probably with advantage be either cast in sand (like shells), or, if in iron moulds, 
afterwards annealed. The use of iron moulds, however, appears to be aban- 
doned in several British foundries. 

74. Shot frequently heated red-hot are said permanently to enlarge ; this 
needs confirmation, but it would follow as a consequence of the conditions 
assumed above to account for Sir H. Douglas’s figures. The explanation, 
therefore, would receive some corroboration from this, if established. 

75. We may, however, assume the mean diametric expansion of white-hot 
shot (a temperature never reached in practice) as about >, the diameter; and the 
following Table will show the impossibility of shot of the six largest classes of 
ordnance becoming jammed in the gun from this cause, even assuming a certain 
amount of internal expansion in the gun itself, which, if it produce diminution 
of bore at all (as we shall hereafter see reason to doubt), must do so imper- 
ceptibly, from the slight degree of heat communicated, and from its effect being 
divided between compression of the interior and extension of the exterior por- 
tions of the whole thickness of the gun :— 


| | Diameter of | Diameter of ESTE Remaining 

f, = indage. hot at white | Windage fi 
| ae HABE Shot. wae = heat. hot mae 
'1|10in. | 10-00 9-840 0-160 0-109 0-057 
bes eesii x 8:05 7-922 0:125 0-088 | 0:037 
| 3 | 68-pr. 812 | 7-920 0-200 0-088 | O112 | 
| 4] 42 ,, 6:97 6-770 | 0-200 0075 | 0-125 
ls | 30 6-41 6177 | 0-233 0-068 0-165 
ei » 6-30 6177 | 0-123 0068 0-055 
6\/24,, | 5-72 5595 | 0125 0062 | 0-063 


Nos. 1 and 2 are shell-guns, 


76. Even were we to adopt Sir H. Douglas's coefficient of expansion for the 
24-pounder, and apply it to the 32-pounder, the gun having the smallest wind- 
age of any in the Table, the shot would still have 0:0348 of windage left; and, 
as the values of a in the empirical formula frequently used for obtaining the 
velocity of shot— 


7 = 1600 | 
w 
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in which ¢ is the weight of the powder, and w’ that of the shot, a a coefficient, 
having the following values for different windages:— 


Windage. Value of a 
0°233 = 3°2 
0:200 = 3-4 
0175 = 36 
07125 =4-4 
0-090 =H) 


shows that its value only varies from 5:0 to 5:2 for the extreme range of windage 
from minimum to maximum; so neither can the increase of strain on the gun 
due merely to diminished windage be the true cause of frequent bursting in 
firing heated shot. 


9.—Nature and Effects of Local Expansion by Heat on Guns. 


77. What, then, is the cause? I conceive it may be proved to be the enor- 
mous strain produced locally upon the exterior portions of the metal of the gun in the 
neighbourhood of the charge, by the expansion of the interior of the chase or bore due 
to the rapid communication of heat from the shot suddenly lodged within the gun 
bringing its external circumference at the place into a violent state of tension, 
in which state the gun is directly exposed to the further, suddenly applied and 
jarring strain of the discharge. 


78. The diagram may represent in longitudinal and in transverse section a 
portion of the bore of a gun with a red-hot shot lodged within it preparatory 
2a 2 
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to being fired. The shot /ies in contact with the lower side of the chase, and 
so heats the adjacent portions of metal of the gun, by direct contact, conduc- 
tion, and radiation; at every other point round the interior circumference of 
the chase it is separated by a lunaric interval due to the windage, which is 
widest at the upper side of the shot. All round this the interior surface of the 
gun is heated almost wholly by radiation from the hot shot. The heat thus 
communicated to the gun at its interior surface travels slowly, in pulses, out- 
wards through its metal, and is still more slowly carried off and dissipated in 
the surrounding air from its exterior. It also moves in pulses by conduction 
through the metal, in the direction of the length of the gun; but the main volume 
of heat communicated to the gun is accumulated closely in the neighbourhood 
of the shot when rammed home. Each heated shot in succession adds some 
increment of heat to that already acquired by this part, provided the interval 
between one discharge and the next be not sufficient to enable the gun to cool 
down to its former temperature, which can scarcely happen in service, or unless 
it be cooled artificially. The gun isalso heated powerfully in the whole length 
ofits interior by the flame of the powder, but the heat due to this also produces 
its greatest effect close to the seat of the cartridge and shot when rammed home. 

79. The result is, that in continued firing (whether with cold or hot shot) 
the interior of the gun is hotter than the outside, and that the parts of the gun 
nearest the breech are the hottest, and that the point around the interior circum- 
ference here, which is the hottest of all, is the lowest point ; and furthermore, 
that when red-hot shot are fired, all the conditions are greatly exaggerated 
under which heat is communicated to the interior. Now heat is dissipated from 
the exterior in two ways—by radiation, which, although not always strictly 
equal all round, may be assumed commonly to be so, and by evection; that is 
to say, by currents of air, which may act in either of two directions, vertically 
or horizontally, but which generally act together. Lateral or longitudinal cur- 
rents due to wind carry off a portion proportionate to the low temperature and 
velocity of the air in motion. 

80. Vertical and ascending currents are at the same time produced by the 
rarefaction of the air immediately in contact with or adjacent to the heated gun 
(which we assume to be nearly horizontal). These ascend, and give place to 
fresh portions of colder air, which, impinging first upon the lowermost side of the 
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gun, creep up past both its flanks, traverse more or less over its upper surface, and 
meeting, pass away. The diagram B illustrates this. 
81. The conjoint action both of wind and of these 
ascending currents will be to inflect the otherwise | / /, 
vertical upward movement of the latter more or less y) 
diagonally, but the conjoint action may produce more fh / /, 
rapid cooling than that of either separately. The | 
ascending currents of air, like those of the wind, evect \ \ 


\ 
heat proportioned to the low temperature of the air and LAs 
5 . = \ 
their velocity of ascent. The latter is greatest at the SS) 
=< 


points of the gun that are hottest; the velocity of the 
wind being the same for every part of its length. 

82. The result as to cooling, therefore, is, that in moderately still air the 
lower side of the gun, upon which the cold air first strikes, is cooled fastest, and 
its top side slowest. The same is the case with a wind blowing in a line with the 
axis of the gun; but with a side wind the gun will be cooled fastest along a line 
of its exterior, somewhere between its sections by a vertical and by a horizontal 
plane, both passing through the axis, and will remain hottest along the side 


diametrically opposite. 

83. The shot and gun being both iron, every degree of sensible heat, lost by 
the former, will communicate a degree of sensible heat to the latter; but the heat 
lost is diffused through a larger mass, and hence conveys a diminished sense of 
warmth. We have no means of determining, in the absence of experiments, 
either the heat taken up by the gun, under given conditions in a given time, 
or the actual velocity of its transmission through the metal forming the thick- 
ness of the gun, from its interior surface. 

84. But we are enabled to show, that at whatever rate the interior surface of 
the gun may be heated, the passage outwards of the heat through its mass will 
be so slow and retarded that the interior must be always greatly hotter than 
the exterior. The case is one of conduction, and may be viewed, without ma- 
terial error, as analogous to that of a uniform metallic bar, heated at one end, 
the bar being assumed as any elementary radial portion of the gun’s thickness. 

85. Biot (Traite de Phys.) has shown that if the extremity of such a bar be 
maintained at a temperature = (y) + Y; y being that of the bar originally and 
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of the air surrounding it, and Y that of the focus of heat, and # any abscissa 
whose origin is in Y, then the integral of the differential equation 


dy dy 

dt =" da ~ PY 

which determines the momentary variation of y (a and b being constants, and 
y + (y) the temperature of the bar at the time ¢) becomes, on certain as- 


sumptions— 


xz |b 
y= Yx (10) #Ne 
whence 


ay aeibaliO 
Log y= Log J} -4 5 


M being the modulus of the common logarithms. Applying this formula to 
the results of experiment with a bar heated at one end, and furnished with 
eight thermometers, at the distances apart given beneath, he found the follow- 
ing temperatures for the several points along the bar :—— 


| Number of Distance Corresponding 
Thermometer. from ¥Y. | Temperature. 
ae 000 |» 68-48 
1 211 | 23°50 
2 Srl | 14:16 
3 4:00 9:00 
4 ear | 5°55 
5 590 | 3°45 
ie 6 TT aye Pees 
| 7 9°67 051 
8 11°55 Insensible. 
End of Bar. 213k) 1 ED 


In which experiment and calculation were found to square closely. The 
figures in the third column show clearly the enormous difference in temperature 
between the two ends of the bar, freely conducting heat. 

Biot’s general differential equation does not precisely apply to the case of a 
gun whose metal is heated from the interior and cooled from the exterior only, 
being much the same as a bar (or elementary radial section of the metal of the 
gun) heated at one end and cooled at the other only, and to which conditions the 
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latter member of the equation only would apply. In the absence, however, of 
any knowledge of the constants that would admit of an exact expression for the 
phenomena before us, Biot’s may serve as an illustration of the enormous dis- 
proportion in temperature between the interior and exterior of the gun. 

86. But a more precise expression for the facts may be had. M. Weidemann, 
in a recent Memoir on the Transmission of Heat in Metals (Poggen. Annal., 
St. 95, p. 337), has found experimentally that a bar of zinc, having thermo- 
meters placed at distances of two inches apart along its length, and heated 
constantly at one end to 100°, had the following temperatures at each of the 
thermometric points, viz. :—— 


Length of Bar in inches Corresponding 
from Focus of Heat. Temperature. 
i 
| 0 inches. 100°0 | 
20; 57 0 
4 ” 33-1 | 
Gs 20 0 } 
ene is 12-0 | 
10; 3; 2 4 
| 


Now these results, obtained experimentally for zinc, are to a near approxi- 
mation true for iron (and probably for cast-iron), as the relative conducting 
powers for heat of zinc and iron are as the numbers 363 and 374 (Daniell, 
Chem. Phil. p.121). We may, therefore, conclude that a cast-iron gun, whose 
thickness is 10 inches, and whose interior is heated to 100°, will lose heat from 
its exterior, at the rate due about to the temperature of 7:2”. 

87. These conclusions, though not strictly correct, are sufficient to indicate 
the enormous disproportion in temperature that must subsist between the interior 
and the exterior, and that is all we are at present concerned with. 

Experimental data are as yet wanting, to enable this question to be pursued 
with exactitude. It is necessary first to learn experimentally what is the ex- 
treme of temperature acquired by the interior of each class of gun, over that of 
its exterior, in firing hot shot; and the actual rate in time at which the wave 
of heat travels outwards by conduction only through the substance of the gun, 
a constant as yet unknown for any substance. 
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Were these data known, a formula could be obtained by which the total effect 
may be expressed of the splitting strain, produced by the mechanical effort of 
the expanded interior, upon the relatively cold and unexpanded exterior of the 
gun,—a force variable in the direction of the radius, and which is a maximum 
at the interior surface, and zero or aminimum at the exterior one, or at a point 
somewhat within it. 


10.—Mechanical Equivalent of Expansion by Heat. 


88. The measure of the mechanical equivalent of heat employed in producing 

dilatation or contraction in a solid, may be expressed in tons by the equation, 
i re (3) 
é 

in which 7’ is the higher, and ¢ the lower temperature, and ¢ a constant repre- 
senting the number of thermometrical degrees that the given solid must be heated 
or cooled to produce an elongation or a contraction equal to that which it 
would undergo by a tensile strain, or a compressive force of one ton, upon the 
unit of surface. This equation assumes the body absolutely hard, and its elas- 
ticity perfect, and hence is not absolutely true for any known substance. All 
ductile metals, when heated or cooled under the constraint of resisting forces, 
appear slowly to change their forms, and so accommodate themselves without 
rupture or disunion to a strain, which, were they perfectly rigid, we shall see 
presently, must in many practical instances otherwise far surpass the total 
cohesion of the material. Thus, for example, the wrought-iron tires of railway 
carriage-wheels are “shrunk” on red hot upon the bodies of the wheels, and 
either cooled instantly in water, or permitted to cool slowly. In either way 
it may be shown that the force developed by the contraction from a red heat 
to the temperature of the atmosphere (60°), must inevitably, and in every case, 
rupture the metal of the tire band, because the amount of contraction would far 
exceed the total extension due to rupture of the iron. It does not do so, how- 
ever, unless in exceptional instances, arising from defective workmanship or 
material; and the reason is, that through the ductility of the iron, especially at 
a high temperature, it yields to the force, and draws out in length slowly, as 
it cools, until the elastic forces assume a new state of equilibrium, and with the 
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residual force of which the tire grips the wheel. A length of time probably 
elapses before this state becomes perfectly stable, and indeed the gradual 
loosening of tires, though partly due to the extension of the iron under the 
continued rolling out which it sustains against the rails in use, makes it some- 
what doubtful if stable equilibrium be ever attained. 

89. Assuming, however, the rigidity of the metal perfect, which is in fact ex- 
tremely great in cast-iron, then in a cylinder, such as a gun, exposed to expan- 
sion in the inside, the strains are the same as if it were exposed to the normal 
and tangential strains due to a fluid pressure from within, and as (eq. 1) the 
equation for equilibrium is—— 


ee or aras 5 egies dD? (4) 


when 

= ona (5) 
the gun would be burst by the expansion of the interior alone; or if the former 
be less than the latter member of the equation in the ratio of < then is the n“ 


part of the whole strength of the gun temporarily removed by its internal ex- 
pansion, or by the reaction of the interior, against the exterior segment of its 
thickness. it 

Applying Professor Hodgkinson’s experimental results as to the extensibility 
of cast-iron under strain, to this reasoning, and taking the coefficient of expan- 
sion by heat, for cast and wrought-iron as the same for low temperatures (strictly 
as 1000893 : 1000984 for temperatures under 212°), we have the extension for 
cast-iron for the square inch of section equal about z,4;, of its length for each 
ton of load, up to 7 or 8 tons, at which its elasticity becomes permanently 
impaired, that is to say, when it begins to lose its form. An equal change of 
length is due to eight degrees of Fahr., difference in temperature. (Note K). 


11.—Numerical Example. 


90. Let us now assume a 64 1b. shot, rammed home at 2000° Fahr., which is 
under a white heat, and that it remains fifty seconds in the gun while the latter 
is being run out and fired; that in this interval the shot transmits 7, of its 
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heat to an equal mass of the cold gun; and that the whole of this is operative in 
expanding a cylindric ring of a determinate thickness around the ball :—then, 
we have : 


as the mean compressive strain per square inch upon this interior ring. But 
as the ultimate cohesion of cast-iron does not exceed about 8 tons to the square 
inch, the actual effect upon the strength of the gun is the same, as if about 
three inches of its thickness were removed, or that an inch in thickness of its 
interior metal were removed, and a total strain of 17 tons were at the same 
time visited upon the remaining section of its thickness. At such a conjuncture, 
with such a steady strain already on its metal, the gun is fired, and an additional 
impulsive strain, equal to the work done in giving to the shot its initial velo- 
city, is suddenly brought upon its material. 

This, even with the regulation reduced charge for hot shot, of 3 the service 
charge for cold shot, is seldom less than 23 tons on the square inch of section, 
producing, from the impulsive nature of the force, an extension equal to that of 
a passive strain of 5 tons. The wonder, then, is rather that any gun stands, 
than that many should burst. 

91. Nor does this statement fully embrace the entire strains visited on cannon 
by expansion. _It is uncertain whether the coefficients of expansion for cast- 
iron in three rectangular axes are alike. There seems good reason to suppose 
that iron is a dimorphous body, and that in its rhombohedral form at least 
they are not so. Its unequal expansion, then, in different directions, probably 
introduces torsional strains, as well as the normal and tangential ones which we 
have so far alone considered. We have neglected altogether the longitudinal 
ones, and this may be safely done, since the pressure required to produce 
longitudinal rupture is proportionate to 


(D-D") : 
PE a (6) 
and that to produce tangential rupture, to 
(D-D’) : 
R ey ake ( ) 


and hence the longitudinal strength of a gun is always greatly in excess. 
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12.—Effect of a Heated Gun on the Charge. 


92. To this should be added the consideration, that the ignition of the 
powder dried by the neighbourhood of the hot shot and in a warmed gun, is 
probably much more rapid, and its effect on the gun more severe, than in ordi- 
nary cases, from causes already and to be again adverted to. 


13.—Phenomena induced in “ Quick Firing ;? Limit of Heating. 


93. A train of effects, quite analogous to those described, are brought into 
operation in very quick firing, whether with hot or cold shot,—when the interior 
of the gun, continually receiving fresh accessions of heat from the rapidly succeed- 
ing flashes of powder, is not given time, to transmit it by conduction, through its 
metal to the exterior. The limit of the heat that could be conceived commu- 
nicated from one discharge to the gun, would be the whole of that generated by 
the ignition of the charge. Assuming the formula for gunpowder to be KO, NO, 
+58+C;, its atomic weight will be 135, and one part by weight will include 
0°1333 of carbon. Now, Andrews (Reports, Brit. Assoc. 1849) found that one 
part of carbon evolves as much heat in burning as will raise an equal weight of 
water 7900° Cent. Hence, neglecting the sulphur as not oxidized in combus- 
tion, the heat generated by the firing of any charge of powder is sufficient to 
raise the temperature of an equal weight of water 7900° x 0:1333 = 1053° Cent. 
=1895-4 Fahr., or to boil about nine times its own weight of water, or to heat 
about nineteen times (18-945 strictly) its weight, 100° Fahr. 

94, The specific heat of water being unity, that of cast-iron (the mean of 
those given for iron, 0'125 to 0:143) is probably 0-134 ; and that of gun-metal is 
0-11 (Thompson), 0-086 (Regnault). Hence, if (be the weight of the charge 
of powder, 141-4 Cis the weight of cast-iron, and 172-3 C that of gun-metal 
that the whole ofits heat would heat 100°. If W, therefore, be the weight of 
ESE 100° will be 
1723 C 

kW 
for one of gun-metal, & being a constant representing the fraction of the 
2382 


the gun, and the heat were uniformly diffused in its mass, 


the resulting temperature in the case of a cast-iron gun, and 100° that 
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total heat generated, that is, communicated to the gun in the discharge. Its 
value can only be determined by experiment, and in continued firing, will 
decrease at each successive discharge, the gun gaining less heat as it becomes 
warmer from each flash. A medium 12-pounder field-gun weighs 18 cwt., and 
the service charge is 4 lbs. = =4, of the weight of the gun. If the whole of the 
heat from one discharge were absorbed by the gun, its temperature, assumed 
uniform, would be raised about 34° Fahr. The whole heat, however, is not 
absorbed, nor is that which is retained by the gun uniformly diffused. 


14.—Explanation of “ Drooping at the Muzzle.” 


95. In this case (that of heating by quick firing) the interior expansion is 
not almost limited, as in the former, to a ring in the immediate neighbourhood 
of the shot, but extends to the whole length of the chase or bore, so that the 
whole gun becomes lengthened by the “end on” strain of its expanded interior. 
In bronze guns the coefficient of expansion is so great (greater than that of 
cast-iron in about the ratio of 20 to 11), and the resilience, or power of elastic 
recovery of form, so small, that in extreme cases the extension due to the end 
on strain surpasses the elastic limit of recovery, and the gun becomes perma- 
nently lengthened. When in this state the firing is continued, and the metal 
becomes much heated throughout (though still hottest in the inside), heat is 
carried off by convection from the lower side of the gun, by the ascending 
currents of the air around it,so fast, that the upper side ofthe gun is relatively heated 
and expanded more than the lower side ; and when the cross strain thus produced 
has bent the metal beyond the limit of its elastic recovery, the gun “ droops at the 
muzzle,” as it is called, an effect vulgarly ascribed, and even by writers on ar- 
tillery, to the “softening of the metal by the heat,” a condition that could not 
happen until a temperature should have been attained, at which no cartridge 
could be placed in the gun without its instantly exploding; in fact, more than 
a “red heat,” 1800° Fahr. (Daniell. ) 

Iam not aware that this explanation of the cause of drooping at the muzzle 
has been before given. It sufficiently indicates the severity and injudiciousness 
of the proof test, by “ quick firing,” formerly applied to all field-guns, and still 
said to be used. by some foreign governments. 


TRANS. R.I. A. Vor. XXIII. 


SCIENCE, p. 185. 


Pratg IV. 


Drooping at the Muzzle in Bronze Guns. 
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96. The plate No. 4 illustrates this effect on brass guns. Fig. 1 shows a 
12-pounder gun fit for service. Fig. 2, the same gun “ drooped at the muzzle,” 
in an exaggerated degree. The gun becomes bent on precisely the same prin- 
ciple that the length of the “ gridiron pendulum” is preserved invariable, or the 
bar of zine and brass in parallel bands of Doctor Ure’s “thermostad” is inflected, 
namely, by the difference of expansion, in these latter cases, of two metals having 
the same temperature, but different coefficients of expansion, in that of the gun 
by the bar or portion of the cylinder of the same metal, heated to different tem- 
peratures at opposite sides of its axis, and, therefore, differently expanded. In 
a gun whose weight is supported as usual altogether by its trunnions, its own 
weight acts in favour of the distorting action of this expansion, by the over- 
hanging mass of the breech and muzzle (a fact which, no doubt, led to the 
popular view of drooping at the muzzle); but the same effect, and very nearly 
to the full extent, would take place if the gun were supported at the two ends, 
a and 6, Fig. 2, in place of on the trunnions, in which case, in place of drooping, 
the centre parts of the gun would rise and become arched or hogged, an 
example that would afford an experimentum crucis as to the views here an- 
nounced. 

97. If A be the total deflection, and & that due to local inequality of tempera- 
ture, and @ the experimental flexure of the material for the unit of length and 


; 12 PW : 
diameter, then A = 6 + — ——, when the gun rests upon the trunnions, and 


1 ¢@D* 
5 2BW : ' 
A=6— 8 oD when the gun is supported at both ends only, assuming the 
general form cylindrical, and neglecting the comparatively small portion re- 
moved by the bore. 

98. From statements further back, as to the variable temperature of points 
taken from the inside towards the outside of the thickness of the gun, it will be 
seen that we are not able at present to determine at what distance from the axis, 
in a vertical diameter passing through it, we might consider the whole of the 
opposing forces tending to bend the gun concentrated ; were we able to fix these 
centres of effort for any particular gun, the extent of its distortion for a given 
difference of temperature between the upper and lower sides might be calcu- 
lated. Itis probable that in guns of the usual proportions of heavy bronze guns, 
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these centres of effort will be distant about one caliber fromeach other. The 
lineal expansion of cast-iron for 150° of heat is = -000893, and that of gun- 
metal probably = 001541, the length originally being 1:000000 (Daniell). 
The total elongation, therefore, fora gun of nine feet in length of chase, due 
to a rise of temperature of 300°, would, if of gun-metal, be = °0332856 inches, 
say (034 inches. 
99. We may readily approximate to the 
curvature that will be produced in any case. 
For let ab = the length of the colder and 
shorter side of the gun ; 
that of the hotter and longer 
side, both taken at the as- 
sumed centres of effort ; 
os = the distance between these 
perpendicular to the axis 
of the gun ; 
and assume the gun to bend into a segment of a circle, of which guh = A is an 


gh 


& 


are, k the centre, and kg a radius ; then, calling = = [, and half the difference 


between ab and gh = half the elongation = ¢ ; and let os = c, then we can find 
gk and gk —i= R, the radius, and vo = the versed sine of curvature ; for, call- 


ing the side ga of the small right-angled triangle gna = i, we have 


i=V(C +6); 
but 
i:e::R+it:er+l, 


ele Eee eid, 


Again, in the triangle gko, 


J(R+ ip — (Ut ef = 0k, 
and 
(R +i) — ok = ver-sin A. (8) 
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15.—Numerical Example. 


100. If we apply this to a 82-pounder brass gun, of 9 feet in length, in 


which— 
l = 54 inches, 


¢ = 6'5 inches nearly ; and 
e = ‘017 inches, 


we shall find that with the difference in temperature of 300° between the 
two opposite sides, the radius of curvature will be 267} feet, and the versed 
sine, 0°46 inches, that is to say, the gun will be bent nearly half an inch from a 
straight line. 

The cause assigned is sufficient, therefore, to account for the extent of the 
phenomena. 


16.—felation as to Distortion, of Gun-Metal and of Iron Guns. 


101. It may be questioned, then, why does “ drooping at the muzzle” occur 
in gun-metal guns, and never in cast-iron guns. It does occur in cast-iron guns, 
but in a degree so much diminished, as to be in them, imperceptible; and, 
furthermore, after cooling again to an uniform temperature, the cast-iron gun 
will, under all practical conditions (as to the extent to which it can be heated 
unequally), recover its form, which the gun-metal one may not. 

The following are the chief reasons, however, why this distortion is so much 
greater in guns of gun-metal than of cast-iron of equal sizes, forms, and charges: — 

1°. The gun-metal is much more heated by each discharge, in the ratio by 
which it is a better conductor of heat than cast-iron, or as about 
89:37, and, therefore, takes up more heat during the moment of 
the flash. This is modified also in the inverse proportion to their 
respective specific heats, so that the same quantity of heat that 
would raise the temperature of the cast-iron gun 110° will raise 
that of the gun-metal gun 134°. The gun-metal gun, therefore, 
takes up from each discharge, of the same weight of gunpowder, 
about three times as much heat as the cast-iron gun. 

2°, Gun-metal is much more ductile and less elastic than cast-iron, and 
possesses a much longer range through which its form may be 
altered, before its elasticity is finally overcome, though with a 
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greater cohesive force than cast-iron ; in fact, the element of ex: 
tension, upon which the value of 7’, the coefficient which M. Pon- 
celet denominates “ de la resistance vive d’elasticité,” or the “mo- 
dulus of resilience” of other writers, referred to hereafter, depends, 
is much greater for gun-metal, and hence a given force produces 
a greater proportional distortion of form. 

3°. As already remarked, the gun-metal has a coefficient of expansion, 
by equal heat, far beyond cast-iron, or as 1541: 893, or nearly as 
153 to 9. Hence, equal inequalities of temperature will produce 
nearly double the distortion in the gun-metal. 

4°, A very moderate increase of temperature above that of the atmo- 
sphere (say 50°) greatly reduces the cohesion (and probably in a 
far higher ratio the stiffness) of gun-metal, as the researches of 
Baudrimont have rendered nearly certain, while it produces a 
directly opposite effect on iron, and, we may conclude, on cast- 
iron. 

102. Baudrimont hasascertained that the relative cohesive powers (coefficient 
of rupture) of copper and of iron at the three temperatures, 0°, 100°, and 200° 
Cent., are in the ratios of the following numbers,* which, as respects both, agree 
pretty well with the results of the experiments of the Franklin Institute :— 


Tron, - 205405 191725 210270 


| TEMPERATURE. 

| | 0° 100° 200° 
| 

F opper, .| 25388 22050 19839 
-| 

| 


If, therefore, gun-metal and cast-iron follow the same law, as it can scarcely 
be doubted they do, a gun-metal gun heated from the freezing point of water 
to 200° Cent., loses resisting power in the ratio of about 20: 254, while a cast- 
iron gun gains resisting power in the ratio of about 21: 203, having, however, 
an intermediate weak point at 100°, where its resistance diminishes to nearly 19, 
a fact which indicates that cast-iron guns are safer in this respect when strongly 
heated, than when heated less. 

5°. The rough black surface of a cast-iron gun enables it (on principles 


* Ann. de C. T, xxx. p. 304, and Pogg. Annal., Lxxxm. p. 156. 
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discovered by Leslie) to cool faster than a smooth gun-metal gun, 
with a semi-bronzed and polished surface, so far as radiation 
alone is concerned, which, being equal all round the gun, tends to 
make it, so far, cool equably, but the heat is carried off by evec- 
tion faster from the surface of the gun-metal, in consequence of its 
higher conducting power, and it is the evected heat (lost chiefly 
from the lower side of the gun, as has been already shown) that 
produces the main inequality of temperature in the piece ; the 
disadvantage, therefore, is all on the side of the gun-metal. 
103. Pursuing the method of Dulong and Petit, and of Regnault, for deter- 
mining specific heats, equal masses in cooling, under like conditions, lose 
quantities of heat proportional to 


= (T-t) x oP. (9) 


= being the specific heat; o, the specific gravity; ZT and ¢, the temperatures of 
the body and the medium; and P the volume in each case. 

If T—t be the same for each of two different bodies, with the same volume 
and form, &c., equal cooling shall, under similar conditions, occur in times 
proportionate to 


= xak 


or in equal times the heat lost will be in the same proportion. 
This for gun-metal and cast-iron will be, 


Gun-metal, . . 0:110x8400= 924, 
Cast-lron, . . 0:134x 7500=1005. 


The gun-metal cooling, so far as its specific heat and density alone are concerned, 
rather the more slowly. 

104. But from the recent experiments of Prevostaye and Desaines, the 
relative radiating power of rough cast-iron, painted black, to imperfectly polished 
and weather bronzed gun-metal, may be assumed as 90: 15. 

Combining, then, the three principal elements in each case, for equal and 
similar volumes at equal temperatures, and in the same media of equal tempe- 
ratures, we have the relative rates of cooling for gun-metal and for cast-iron 
in the following ratio :— 
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> r Cc 
Gun-metal,. . 924x15 x 898, 
Cast-iron, . . 1005 x 90x 374. 


or, as 
124°46 : 3838-28. 

105. The cast-iron gun of the same size and in the same conditions will cool, 
therefore, nearly three times as fast as the gun-metal one, taking no regard to the heat 
lost in both cases by evection. 

106. 6°. The softness and flexibity of gun-metal, as compared with cast- 
iron, enables its form in guns to be distorted partially by internal 
forces locally applied, which in cast-iron, are diffused in virtue 
of its stiffness, through the other parts of the mass, and which thus 
cause the whole to yield (if at all) without alteration in form, or 
unsymmetrically. 

M. Ardent, of the French Corps de Genie, has shown also that in bodies 
possessing the physical properties of bronze or gun-metal, when elongation due 
to any tractile force shall have nearly reached the maximum, consistent with 
immediately unimpaired elasticity, very slight additions of force are sufficient 
to produce greatly increased elongations; the cohesive forces are no longer 
in a state of stable equilibrium. When, therefore, a gun is strained by unequal 
expansion up to 4 given point, very slight additional strains suffice to destroy 
its form completely. 

Thus it will be perceived that, as compared with those of gun-metal, cast- 
iron guns possess properties giving a minimum distortion by unequal heating, 
and the power of complete recovery from the small distortion that they do 
sustain, which is scarcely ever possible in gun-metal, owing to the great range 
indicated by its coefficient 7°.. 

107. The great extent of local distortion to which heavy brass ordnance is 
liable is instructively shown by observation of the state of the upper side, at the 
muzzle, of the chase of the French howitzer in St. James’s Park: where the shells 
appear to have grazed hardest, on leaving the gun, all projectiles (as is well 
known) being thrown from side to side on passing through the chase, by the play 
of windage (ballottage). The inner arris of the muzzle in this case is quite beaten 
out, and elevated in an angular ridge above the level of the flat terminal of the 
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remainder of the muzzle. But while the extreme rigidity and high elasticity of 
cast-iron guns, are thus valuable and important, these properties, coupled with 
the crystalline structure and low coefficient of rupture of cast-iron, carry with 
them a train of disadvantages. 


17.--Efects of Rigidity and repeated Discharge in Iron Guns—Limit to the 
Number of Rounds. 


108. The rigidity of the iron gun, greater in proportion as the metal is whiter 
and harder, is such that partial distorting forces transfer themselves, to a great 
extent, to the whole mass. The expansion of the interior of the gun, acting 
tangentially, exercises against its rigidly resisting exterior, a powerful splitting 
strain. The elongation of the interior of the chase, from the same cause, drags 
or forces the exterior, to elongate along with it. The condensation by repeated 
rounds, straining the metal of the interior beyond its elastic limit, is rapidly 
propagated at every pulse to the exterior “couches” of material, and hence 
gradually diminished resistance. The crystals forming the mass are at each 
blow shaken more and more from perfect contiguity or contact, and from their 
respective positions of molecular equilibrium, the particles of the whole mass 
are loosened, and after a number of rounds greater or less, the gun finally fails 
with a charge perhaps far below that of the proof, which it has many times 
before withstood. 

Such a result is unknown, or rather impossible, with gun-metal guns, unless 
unequally overheated, or overloaded, and simply because of their long range of 
elastic yielding, the high value of 7'., that is, of the “work done” to stretch 
the material to any given extent. To use a popular illustration,—the molecular 
properties of gun-metal in resisting active forces are of the same character as 
those which are exhibited (in their extreme limits) by the flexibility and elas- 
ticity of caoutchouc, combined with the plasticity of tempered clay; while those 
of cast-iron are represented in their extreme limits, by the almost perfect 
elasticity, rigidity, and cohesion of glass, or of various amorphous or crystallized 
minerals—quartz, for example. 

109. In the experiments made by Mr. Hodgkinson, for the Royal Commis- 
sion, on iron structures, it was ascertained that no cast-iron bar would sustain, 
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without fracture, 4000 blows, each causing a deflection of one half the ultimate 
deflection due to rupture from dead weight; but no bar was broken by 4000 
blows each producing a deflection of one-third this ultimate deflection: the blow 
in every case being made with a very moderate velocity. 

110. As the value of ?, for impulsive forces (Eq.17,18) is double that for static 
pressure, it follows from the above that no cast-iron gun, whose proportions are 
such that the mean extension of its metal, due to the maximum mean pressure 
per square inch, of the explosion, exceeds one-fourth the extension due to the 
strain of static rupture of the material, can withstand 4000 discharges. 

111. In the experiments made of a similar character on wrought-iron, how- 
ever, such a limit for fracture was not reached. We may conclude, therefore, that 
the number of rounds capable of being fired without final dislocation, from guns 
similarly proportioned as to ultimate strength in relation to the effects of the 
charge, will be much larger in wrought-iron than in cast-iron guns ;—assuming, 
however, that in large wrought-iron guns, the physical properties of the wrought- 
iron are the same as those of small rolled or forged bars, which is far from being 
the fact, if they be forged in large masses. 

112. In the Great Exhibition of 1851 were several cast-iron guns, produced 
at the Liege Foundry, Belgium, which were certified to have withstood the 
following number of rounds respectively :— 


Size. Weight, Ibs. Rounds. 
S0-pounder, 2°) . . s)he. ©2000 
24-pounder, short, . . . 1985 . . . . 3649 
Gpoundelwae ew 20, Lh kooeen sme Be ho lebO82 
6-inch howitzer, . . . . 1147... . 2118 


Several of the siege guns, 24-pounders, used at St. Sebastian in 1813, are 
stated to have been fired 6000 rounds; long before which, however, the vents had 
been burnt away, and replaced, extemporaneously, with brass melted into them. 

The mere statement, however, that a particular gun, or one of a particular 
metal or casting, has stood a given number of rounds, proves nothing as to the 
superiority or otherwise of the material, for the number of rounds that a gun 
will stand is dependent, for guns of similar form and proportions, upon— 

1°. The coefficients 7’, and 7’, of the material. 
2°. The eacess of absolute spare strength of the gun measured in terms 
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of these coefficients, above the maximum strain that it is exposed 
to in discharge ; that is to say, upon the small amount of extension 
of its material at every round. 

3°. Upon the uniformity of its molecular arrangement, precluding ex- 
cessive local strains and extensions (which determine the final 
destruction of the gun at this, as the weakest point), and upon the 
absence of “ planes of weakness.” 

4°. Upon the coefficient of velocity for force transmission, for the ma- 
terial. 

In every case assuming no injury done by overstraining in any discharge, 
or by local overheating. 

Hence all absolute comparisons which neglect to take into account these 
several conditions are fallacious, and founded on an incomplete conception of 
the question. 

113. And from these properties it is perhaps chiefly that such capricious 
uncertainty exists as to the number of rounds that a cast-iron gun will bear before 
being disabled. Two guns, cast from the same metal, by the same founder, 
apparently equal in all dimensions, of the same age, both unused, except as to 
having stood proof, and taken from the same tier in the arsenal, when brought 
into service with ordinary charges, the one shall stand perhaps 2000 rounds 
without observable injury, and the other burst after one-tenth, or less, of the 
number. How do they differ? Not in mere ultimate cohesion; a piece cut 
from either may sustain almost exactly the same passive load before fracture : 
but the value of 7, largely differs in one and in the other. The one has its 
crystalline particles so arranged, and their constitution such, that a long range 
of change of form must be passed through, before rupture is possible. The other 
has its crystalline arrangement such, that it is rigid, harsh, and unyielding, 
though not less tenacious, than the former, because it will require as great 
a force to break it ; but it suffers more by every shock, and is sooner, so to say, 
shaken to pieces. And hence it is, that in our arsenals and gun-foundries, the 
attention of those in authority, has been and is, so much misdirected, in seeking 
only for materials for ordnance of the greatest ultimate cohesion, and apparently 
remaining ignorant of this other equally important, though less obvious or easily 
grasped condition. It is not a little remarkable that of the three foundries 
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from which for a length of time the most reliable guns (of cast-iron) in the 
British service have been produced—viz., the Carron, the Low Moor, and the 
Gospel Oak Works, are those whose “makes” of iron present precisely the 
character here insisted upon—namely, an extremely high coefficient of exten- 
sion (7',) as compared with their absolute ultimate resistance to rupture. 
Having in the foregoing pages pointed out some of the circumstances, almost 
all of a character purely physical, i. e., molecular, which affect both the construc- 
tion, and the destruction of ordnance, I propose to discuss briefly the relative 
advantages and disadvantages of the same class, which belong to each of the 
four principal materials that have been in use, or are now proposed for their 
fabrication. These are, gun-metal, cast-iron, wrought-iron, and steel. 


18.—The General Relations of Elasticity to the Construction of Guns. 


114. The elasticity of solids is of two sorts—cubic elasticity, which is the 
resistance that the body presents to change of volume by the application of pres- 
sure ; and linear elasticity, which is that which opposes change of form. These are 
very different in different bodies, and different from each other in the same body. 

Glass or steel, for example, powerfully resists either change of volume or of 
form; caoutchouc admits of a large alteration of either. Cork readily changes 
its form; its lineal elasticity is great, while its cubic elasticity is small: while 
cold carpenter’s glue or whalebone probably present to it, relations exactly the 
reverse. 

When change of form takes place in a solid, whether by extension or com- 
pression, it is always accompanied by some change of volume; otherwise the 
heat evolved on rapid and considerable change of form (as in tearing asunder 
a bar of irom) is hard to be accounted for. The specific heat diminishing as 
the density increases, by decrease of volume, at or near the point of rupture ; 
or possibly the heat evolved being the mechanical equivalent of the force 
employed in producing the changes in volume. It cannot be that, of the force 
employed in producing change of form only—because mere fracture, as when a 
hole is struck out from a thick plate of iron by a cannon shot (under whose rapid 
stroke the toughest iron breaks as a brittle body), produces a remarkable rise 
of temperature in the adjacent parts of the plate. 
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115. Poisson has shown, and Cagniard de la Tour has experimentally veri- 
fied, a singular relation between linear and cubic extension or compression ; that 


is : be the proportional elongation of a bar whose length is Z, and whose 


elongation for unit of length is 7, and a the diminution of cross section, which 
the original cross section A sustains as due to 2, then 
Same Y 
—— a 
Bate AT 
so that the reduction of cross section is equal to half the elongation. From 
which it follows that the total volume of the bar augments by a fraction = 4i, 
although its cross section diminishes. The original volume of the bar = AL 
becomes 


(10) 


(A -—a)x (L4+l)=AL+ Al-aL—-dal; 

and, neglecting the product al, which is small with respect to the others, the 
total volume becomes = A/ — aZ, and the increment due to 3, 

Al-—aL 

bacAeqi) 
But if the bar be exposed to compression in all three axes, LZ, B, D, simul- 
taneously by forces perpendicular to its faces (assumed a square prism), and 
the pressure on L, be that as before on A; L, B, and D being respectively the 
length, breadth, and thickness of the bar, then the compression of the bar in LZ 
shall be only half the former, and the volume of the whole bar becomes 


LBD (1 - }i)} = LBD — 3i LBD 
the decrement due to 7 being 


(11) 


3i LBD. (12) 


Neglecting the functions of the small fraction of as before, the cubic contraction 
or expansion of the bar in this case is measured by 32. 

116. Now, when a bar of a homogeneous metal is heated, and expands in all 
directions alike, forces analogous to those above, but acting in opposite direc- 
tions from within the mass, may be considered as applied perpendicular to the 
faces of the prism ; but the increase or decrease of volume is altogether different, 
being twice the former, $2 = 32 (7 being in this case the lineal expansion or 
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contraction due to a given difference of temperature), in accordance with the 
well-known fact, that the dilatation in bulk of solids is (quam prow.) three times 
the lineal expansion. 

This singular result, which, it should be mentioned, however, is not fully 
confirmed by the experimental facts of Wertheim (Ann. Ch. Ph. t. xxiii. p. 52), 
would seem to indicate a radical difference, in the nature of the molecular forces, 
which resist change of form by mechanical force, and those which are developed 
in the change of volume by heat, and therefore that we should at present take 
with some reserve the conclusion commonly asserted by physical writers on heat, 
that “The mechanical force brought into operation by change of temperature 
in the expansion or contraction of a bar of metal through a given fraction of its 


bo : ; : 

17 is precisely equal to the mechanical force required to extend or to 

compress the bar by the same fraction.” We shall return to this subject here- 

after, in considering the construction of wrought-iron guns built up in rings. 
For all cases of a practical character in construction, the change of volume 

in relation to the lineal elasticity is small, and may be neglected ; we are, there- 


length 


fore, concerned at present only with lineal elasticity, as a resistance to force 
applied in one or in two rectangular axes, and may also pass by the elasticity 
of torsion, which Mr. Rankine, in common with some other physicists, in an 
able paper (Institut. for 1850), makes a third and separate class. 

117. Continuing our last notation: the prismatic bar, whose length is Z and 
cross section A, is extended or compressed in length by a force P, and suf- 
fers an extension or compression J, which is proportional to its length, so 
that = is a constant = 7 for unit of length. 

The elastic resistance which balances this force e, on the unit of surface, 
is measured by e x A, or by 


P= PZ or P=cAi=ai, A being = 1. (13) 
Assuming that elasticity remained perfect, and such that the bar would bear to 
be extended or compressed by a range equal to its own length, we have in the 
equation . 
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P=chi 
A=1,/=L,andi=1; so that when (14) 
P= €, 


then ¢ is the modulus of elasticity, or the force that for a given material on 
the unit of section (= 1 square inch) should be equal to compress or extend 
the bar its own length; a purely arbitrary constant, which may be conveniently 
expressed in terms of the length of the bar; for if 6 = its specific gravity, and 
R = the breaking weight, or force, for unit of cross section, LZ the length 


R : lig AE 
i goes modulus of cohesion, and DL, = : or = the modulus of elasticity, and as 
here i = 1, if 7 be such a fraction of the extension or compression as belongs to 
the point at which the elasticity is crippled, st may be used to express the 


modulus of elastic limit. 

118. The property of elastic, or rather of imperfectly elastic bodies, as we find 
them in nature, is that at a certain limit of force, their elastic resistance gives 
way altogether, and the body, whether by extension or compression, becomes 
crippled, when after a certain range, greater or less, anew equilibrium is estab- 
lished, and so on until at length, by a further application of force, it becomes 
ruptured or crushed. When the actual strain bears a large proportion to that of 
rupture, the element of the duration of its application can never be in strictness 
neglected. Vicat showed, by experiments made before 1833 (“ Ann. de Chem. 
et Phys.,” t. liv. p. 88), that when the actual strain did not exceed one-fourth that 
of rupture, the extension of wrought-iron which took place almost immediately, 
did not increase by time, but that with strains above this proportion, the exten- 
sions slowly increased, in a ratio which was directly as the time, and for equal 
times, was directly as the tension or strain. Thus, also, a strain almost, or per- 
haps altogether, capable, after some time, of producing rupture, may be borne 
with impunity for a very brief interval ; so that a gun may sustain, without injury, 
during the momentary expulsion of the shot, a pressure that, continued for some 
longer time, would burst it. 

Vicat’s brief but conclusive experiments, made about five years anterior 
to the publication of Mr. Fairbairn’s, on cast-iron, seem to have been quite 
unknown to that gentleman, as well as the elaborate experiments of the 
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Franklin Institute, on tension at high temperatures, equally unnoticed by 
him. 

119. Poncelet has devised a coefficient to express the relation of the work 
done by the force balancing this resistance, at each of these limits: the one 7’, 
which he calls that of “ resistance vive d’elasticité ;” the other, 7’,, that of “ resist- 
ance vive de rupture.” They express respectively the work done by the force 
P moving through the space 7, up to the limit where elasticity is lost or materially 
altered, and up to that of rupture or crushing; in both cases as the nearly 
immediate results of application of the force. 

For the resistance vive of elasticity, as P = e, we have 


T= a Pr or eet (15) 


and a similar expression applies to 7',, increasing the values of P and 7 in either 
case for each special substance. 
120. The force P is variable between the limits 9 and 1— 


PL cA, 
i= and P= i (16) 


If x be any small extension or compression the n“ part of 7, the P, corre- 


; A ; , . 
sponding to 7 = x, the work done in extending or compressing through the 


L 
infinitely small additional space Az (assumed uniform) = A Aa, and the whole 


work done, 
? or dei? for unit of Z and A as above. (17) 


121. If the strain P, due to 7, the extension or compression, be brought at 
once upon the bar, then the work done upon the bar will be double the former 


eA , ; : : é 
aS # and the extreme extension or compression will be 22, and the end of 


the bar 7, will oscillate from o to 27, making equal excursions at either side of 2. 


If between equations i = = and T, = ee 7 be eliminated, we have 
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2 
Pee: (18) 
indicating that the work done by any strain in extension or compression of an 
elastic bar varies directly as the square of the strain, times its length, and in- 
versely as its cross section, times the modulus of elasticity of its material. 
(Moseley. ) 

122. Poncelet has investigated, with his usual adroitness, a number of ques- 
tions relating to the oscillatory. movement of bars subjected to constant strain 
and to impulses, separately or together, which are of the highest interest in rela- 
tion to the peculiar class of strains brought upon ‘artillery at the moment of 
discharge. There are three principal cases :-— 


1°. Where strain possesses no initial velocity, as in that just considered. 

2°. Where the strain does possess an initial velocity—impulse. 

3°. Where a permanent strain being on the bar, it is subjected to that 
of an impulse in addition. 


123. Case I.—As has been already stated, the maximum extension or 
compression, 27, is double that due to the statical extension or compression, 7; 
while the extension or compression at the point of maximum velocity of oscil- 
lation, is one-half the maximum, or equal to the static = 7. 

Let 27 =/' the maximum, and / be the extension or compression due to some 
intermediate point in the range of oscillation of the strain P and of the ad- 
jacent extremity of the bar; then the velocity due to any extension or compres- 


sion, J, is 
Poa cA») _ cA ; 
F V =F 27 r) = (ap 7 OE (19) 


‘ ; : l é 
or, more simply, since P = eAi = cA, suppressing the common factors, 


Vi= (2 : 1, (20) 


and extracting the square root, and making I) = (& 


re) =k, g being the 


coefficient of gravity, = 32,4, feet, 


V=k /f{( -1)]} (21) 
Py Soy. 


, 
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The coefficient is readily obtained, g and /’ being both known. »/{(2/—1) 1} 
is a mean proportional between 2/’ — J and J, and is also had when J is given. 
It may be also shown that 
V=Kl, sin, kT, (22) 
T being the time from the commencement of motion, when the extension or 
compression is /, and the time due to /’, the maximum expansion or compres- 


sion 1s 
al! he iy PL 
ra BENG) Nea) ae 


nm being = 3°1416, the ratio of the circumference to the diameter; so that the 
time of one complete oscillation is double this, or, 


y Bal De i" PL 


and the number of complete oscillations per second of time 


v-EMD=EAG) es 


in which it may be remarked that inversely NV: 7,. The mean velocity of 
oscillation being equal to twice the amplitude 20’ divided by the time, or to 
AlN, is given by the expression 


ee a2 V(gt)= 2 (=) (26) 


The effect of the strain P producing acceleration at any moment, 7, which effect 
is the whole of P at the moments that the oscillation begins and ends, is 
P(1 —cosin kT), (27) 
that is to say, its periodicity varies with /, assuming as is done throughout, that 
the extensions or compressions are proportionate to the extending or com- 
pressing forces, and that between o and /’ the elasticity of the bar remains 
perfect. 
124. Case Il.—-When the straining load possesses an initial velocity. Here 


the work done by the initial velocity, half the vis viva of at the moment it 


reaches the bar, together with the work done by P, times the height /’’, must be 


> 
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equal to the work done in the opposite direction by the elastic resistance of the 
bar, or 
V2 
Bi 2g, + Pl’ = tAcLl!, (28) 

V being the initial velocity. 

While the elasticity is perfect, the law of the oscillation is the same as in 
the former case, but the extent of their excursions is greater. 

The static extension or compression, J’, is also that at the moment of maxi- 
mum velocity, 


Yb 
and the maximum extension or compression 
2 
t" = if + AG + f) (29) 
or, replacing /’ and & by their values, 
ee lied Oe 
Ye +(e Sen + 377) (30) 
or for the unit of length, 
E Ds aoe ve 


If P’ be the effort capable of producing statically or permanently the maxi- 
mum extension or compression (within the limit of perfect elasticity), we 


have 
2 
PaP+ (P+ Ped a )= P+P (145); (32) 


so that the excess of this over that of P, as well as the excess of the extension 
; A : : sheet ; 
or compression Ie + a both increase with the initial velocity V, but more 


gradually in proportion as the actual length L of the bar is greater. 

In the second half of each complete oscillation, or that in the opposite direc- 
tion to the commencing movement (whether due to extension or compression), 
there will in this case be a contraction of the bar, or an extension beyond its 
primary limits due to the reaction of the moving strain, acting in the reverse 
direction at the termination of the oscillation ; this is given by the expression, 
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e+é-) (33) 
The equation for maximum extension may be put in a more convenient 
2 
form, for k? being = 5 if we call H the height 3 due to V, it becomes, 
7 

Wal + 1G + 99H *) =U 4/[l'(U +2), (34) 


which shows that /” exceeds /’, the static extension or compression due to P by 
a mean proportional between /’ and /’+ 2H. This, therefore, measures the 
effect due to the initial velocity of the straining load. 

If r = the semi-amplitude of oscillation, or 2r the amplitude, 


r= [es 8) (5 
V? 
If then 7’ be the time corresponding to (e+ i) —l', and T the time 


when the end of the bar has reached any extension or compression J, 


l=l'—r cosin k (T+ 7"), (36) 
and the velocity at the corresponding point 
Vek /[r?-(U-l)]=hkr sink (T-T), (387) 
the value of the corresponding effort of the straining force being 
pat (38) 


Lastly, the time of one complete oscillation, 


rofam em (Z) a 


and the number of oscillations per second, 
Pld, fged. 40 
== 3, (52) iar 


From what has been stated it is obvious that if, in place of the straining load 
having an initial velocity, we have an elastic bar strained with a static load, and 


ee 
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that we extend or compress it by a further static strain, and then suddenly 
relieve it of this latter, the train of phenomena produced will be precisely the 
same as in this last case, and the same formule will represent them. 

And it is further obvious, that if the inertia of the bar itself be so consider- 
able as to be taken into account, similar phenomena will, upon its being slowly 
extended or compressed and then at once let go, present themselves. To express 
these, and many other varieties of condition of this problem, that will at once 
suggest themselves, some modifications of the formula would be needed. These 
questions, however, are of less practical value. 

125. Case IIJ.— Where there is a permanent strain upon the bar, and it 
is also subjected to an impulse from a new strain having an initial velocity, it 
follows from the laws of impact, that if the strain and the impulse be both due to 
solid bodies, the first, forming part of the bar (or even being the bar itself), and 
the second a solid striking it with a determinate velocity, then the common 
velocity after contact will depend upon the elasticity and range of the striking 
bodies. After several oscillations, and the system has come to rest, we have 
for equilibrium, 


(41) 


p being the weight of the unit in length of the bar. 

Let P be the permanent strain, and P’ the impulsive, with the velocity V’ 
due to H’, so that V’=./(2gH’). Then, on the principles already established 
the maximum extension would be that due to the descent of P + P’ through 
H’, and the equation of work done by the strain, and by the bar, would be, 
iE 
BI 
if no change of form occur in P and /”, and the inertia of the bar be ne- 
glected. 

The loss of vis viva will depend upon the degrees of compression of P and 
FP’ and upon the extensibility of the bar Z, the compression being greatest if 
the extensibility was = 0, and least, if P was free to move under the effect of P’ 
without restraint from the bar, or its resistance = 0. 

If v and v’ be the velocities lost and gained in the infinitely short time ¢, 
and F’= the variable force of reaction, Mand M’ being the masses of P, P’, 


4-7 *= edi, (42) 
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/ / 
F=M += M’ > and M =, and Mv being always = Mv’, during the range 
of compression, 


F-P=M'-, F+P- cAi = M2, (43) 


Where the bodies are very compressible, so as considerably to diminish 
the intensity of F in the directions + or — according as P acts with or against 


P’ substituting the value of F=P’+ M’ : as above, we have, 


P4+M + P-cAi= M4, or (P+ P'—cAi)t=Mv—Mv'. (44) 


If on the contrary the masses M, M’ are such that their mutual compressions 
during the time of impulse, may be considered insensible with relation to J, 
which will always be the case when the masses are large, and their range of 
elasticity small (hardness great), and the length and extensibility of the bar 
relatively great,—then, as 

F=Mv=M''" 
M and M’ assume the common velocity V”, and 
i ; 
ta 45 
We P a5 Pp’ V’, ( ) 
at the first instant of extension or compression of their bar, and their work upon 
the bar is (7+ M’) V”=M'V’, or the initial vs viva, 
M’ = oP aa 
7 Tp 712 a 4 
(M+ M’')V =i = =e Za =PyP' (46) 
and the corresponding loss of effect (as JZ and M’) are supposed to remain in 
contact, 


Mu 7s L 72, 4 
mel =p pu (47) 


Lastly, if the mass M/, instead of being at rest, had a previous velocity V’”, 


? 
either in the same or in the opposite direction to V’ (and to which a given 
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extension, or compression J, of the bar was due): then the common velocity, 


as before, 
9 SNE OD Vrs BY (48) 
M+ M' BPP eo? 
and the initial vis viva, 
je ee OP Ve PV 

(+ Myr =\ a bsPy (49) 
126. We have now to determine the conditions of the first oscillation, for if 
the elasticity of the bar then remain uninjured, it is subjected to no greater strain 
by any subsequent one. Half the vis viva, plus the work done by (7+ 1’), 
acting through the height due to the extension of the bar from the moment of 


impulse, /’, must be equal to 


\PU =4P = yea re (50) 


and this, if the elasticity of the bar remain uninjured, must not exceed the 
value of 


T,=TJAL, T, being =}eA LP, (51) 
or if it be just not broken, must not exceed that of 
f= Tak. (52) 


The maximum extension, assuming the former, and that P has no initial velocity, 
I’ being the length of the bar when most elongated or compressed, and J the 
proportional extension or compression corresponding, is 


7/2 
(P+P’) a +(P+P) I-71) Lt peALi = fed, (58) 
which may take a simpler form, for, multiplying all the terms by = we 
have 
I! P Ip PL 
ae AM opie me) ah ee —s ———— Ave, 
eee Ge AE eae 


and if 2” be the proportional extension or compression, and /” the actual, pro- 
duced in the bar, by a static strain equal to P’, the impulsive body, by analogy, 


ae yas u IELID, 
EAS AEA AR 
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the equation then becomes 
(1 dy. (U0) (L'-V)+I?=L”; (54) 


and abridging, as before, by making 


k! = rn) = hee er ) r1)} 


(PP Sb Hh 40's [ors zi (55) 


we have 


twice which |(/’?+-—, }+(l+1”), corresponds to the maximum elongation 
rie P g 


or compression, and the smaller value to its minimum, if the sign be +, or to its 
maximum if it be —, that is to say, according as P” acts with or against P, 
assuming always that M/, JM’, and ZL remain in contact after the impulse 
of M’. 

127. The fundamental equation of motion, by which the velocity V, common 
to Mand MW’ at any point, where / = Li, is obtained on the principle of vis viva. 
For the increment of vis viva of IZ and M’, since the commencement of motion 
(M+ M’') (V?—V’") is double the work (P+ P’) (J—/’) developed in them 
and due to the H’=/—I’, less by twice the work, 

JeAL (2 i) = 3 SE 1), 
which is thus developed in the opposite direction by the elastic resistance of 
the bar eA7, during the time due to H’=/-1. 

To obtain V, therefore, by means of /, we have, 


ein yiCe®) V'2=2(P+P) del 2S Gc8, 


multiplying all the terms by = 


myn 


se r= 2 U1") (IHU) =P Pate (UU 
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The time of one complete oscillation is 


rattan [PHP oae (PEPE) 
kr g geA 


, al ee eeaaa g 2 __geA 
k being = ro) = (eSe52) 


r= |(vrs =) 


k’ and » corresponding to k and r in the equation of preceding cases. The 
number of oscillations per second is therefore, 


sae cage ele =-] geA 
~ TO Oe WaN\—) Oa \ (P+ P) LS 


It may be shown that the entire elongation or compression of the bar / at any 
instant of its motion ¢ is given by the equation 


and 


VAL 
t=l' +l" (1—cos ere sin k’T, 


PL l= PL Wi Le 
eA’ i eAy? (oP se 

128. It follows from the foregoing, that the period and time of oscilla- 
tions produced in elastic bars, by longitudinal extension or compression are 
independent of the intensity or the velocity of the impulse producing them, 
and depend upon the product of the cross section of the bar, multiplied into 
the coefficient of elasticity of its material, upon the absolute length of the bar, 
that oscillates, and upon the original strain of compression or tension, under 
which it oscillates,—in all cases assuming the elasticity to remain perfect, and 
that the strain remains constant for the whole of the oscillation. 

129. Professor Hodgkinson and others have shown that strains, however 
feeble, produce some permanent-elongation or compression in iron, and the same 
is probably true for all materials. Perfect elasticity, therefore, is not found in 
the nature of solids, and investigations founded upon its assumption can only be 
taken as general guides in practice. Professor Hodgkinson’s results (Trans. Brit. 
Assoc. ) infer, that in the case of cannon, every discharge must permanently injure 
252 
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the gun, though for a great number of rounds, perhaps, quite imperceptibly ; 
but the injury effected by each successive discharge goes on in an increasing 
ratio, and after a certain number, more or less, must end in the destruction of 
the gun;—yet that when the value of the constant 7, is high, and the surplus of 
strength to the impulse large, as in the case of the forged wrought-iron barrels of 
small arms, this process of gradual destruction by use is inconceivably prolonged, 
as evidenced by the endurance of old firelocks and fowling pieces, from many of 
which, thousands of shots have been fired without perceptible deterioration. 

130. In all the foregoing equations, the metallic bar has been supposed 
a straight uniform prism, fixed at one end, and loaded or otherwise strained (in 
extension or compression) at the other. But if for Z we substitute its value, 
27R, in assuming the bar bent round and united at its extremities into a ring, 
to form a portion of the cylinder of a gun, all the equations will equally apply 
to the tangential strains, while they apply directly to the longitudinal ones, 
If the value of A be assumed small, i. e. a unit of section of the whole thickness 
of the gun, then 2 may be taken = the caliber, for the portion of metal exposed 
to the greatest strain; but if the whole thickness of the gun be included in A, 
and for a determinate length along its axis, then the value of & must be taken 
at an intermediate point between D’ and D” (Eq. 1), to be specially ascer- 
tained, where the mean of the tangential strain, variable in the radius, shall be 
situated. : 

131. In fact it is plain that a unit in length and thickness of the gun may be 
viewed as an elastic hoop, expanding and contracting under impulse, the maxi- ; 
mum elongation being measured from an imaginary point of origin taken any- 
where in its circumference; and, as we found (Eq. 20, 22) that the extension or 
compression due to P, when suddenly applied, is = 2%, so, in calculating the 
stress upon the unit of section of the metal of the gun, we must take the exten- 
sion or compression as double that due to the maximum pressure of the elastic 
gases per square inch, and only give such a value to & (in Eq. 1) as will satisfy 
this condition, without crippling the particular metal to which we may apply 
our calculations. It would appear to be from ignorance of this, and the reliance 
upon conclusions as to extension or compression of the materials, based upon 
the assumption of merely statical strains, that many failures of newly projected 
guns, have latterly occurred. 
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132. In the physical conditions of application of the impulse as produced 
by the explosion of powder, however, there are some important differences from 
any of the cases of application of the strain already assumed, besides that of the 
total withdrawal of the strain or impulse, almost immediately after its applica- 
tion, and depending on conditions the precise nature and constants of which 
are as yet so imperfectly known that it would be useless to pursue the appli- 
cation of analysis to them at present. 

133. Amongst the most important data required is an experimental know- 
ledge of the rate at which gunpowder inflames in relation to the whole mass, and 
the curve which shall represent the increase, and subsequent decrease, of pressure 
on the interior of the gun, from the first instant of ignition, to the moment that 
the ball leaves the muzzle. (Note L.) Certain formule are given in gunnery 
class-books, purporting to represent the time of inflammation of powder, based 
on the assumption that its grains are spherical and equal, and that the time of 
burning inwards from the surface to the centre of each sphere, is the same as 
for the whole mass. The assumption is, however, perfectly fallacious, for 
obvious reasons. 

But a true result may be arrived at experimentally by a suitable arrangement 
of galvano-chronometric apparatus with much facility and accuracy; indeed, 
the author has already (incidentally to his experiments on the rate of transit of 
earthquake waves in solids, by means of the explosion of small mines) had 
occasion to determine the time of inflammation for a mass of 25 lbs. of powder 
(Trans. Brit. Ass. 1851); it would be most desirable that such an inquiry 
were pursued. Equally so would it be that the curve of pressure within the 
gun, during the ball’s traject through it should be ascertained experimentally. 
There seems little ground for doubt, that apparatus could be applied to a gun 
on the principle of the manometer, or rather of the aneroid, or of Bourdon’s 
pressure gauge, such as to receive the pressure as in the interior of the gun, 
with which it should communicate, and to register it at once in the form of a 
curve, for every instant of that fraction of a second, occupied by the ball’s 
traject through. 

134. From the extreme rapidity with which the pressure increases within 
the gun from the moment of ignition up to the point of maximum, a condition of 
the matter of which it is formed, related to its elasticity, and dependent upon 
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which is the rate at which force itself is transmitted through its mass, becomes 
not wholly unimportant. The formula 


r= (2%) 


in which d and h are the density of mercury at zero, and the height of the 
barometric column at 30 inches, expresses the velocity of sound in any solid 
whose modulus of elasticity is H and density D (omitting the coefficient for 
heat due to compression), and also expresses the velocity with which any 
impulsive force whatever is transmitted through the same solid. This transit 
rate, then, is proportionate to “eD, and for 


Gun-metal;, @) . 5: | 2: — Jol 
Gastron) sees wen a Ue 
Wrought-iron, . . . : — 239 
LCE] aye ies Sone OO 


proportionate, omitting decimals, to the numbers severally annexed. The 
actual velocity is great in every case, being, probably, not less than 11-090 feet 
per second for cast-iron, as determined by Biot and Malus; but it is observable 
that its rate in gun-metal is not much more than 3 that in steel. Were it pos- 
sible to have a gun of sufficient thickness, therefore, the impulsive effect of the 
explosion might have reached its maximum and vanished altogether before the 
strain visited on the interior portions had been transmitted to the exterior. 
This cannot occur in practice, but in no case is the whole of the impulse trans- 
mitted equally through the whole thickness of the gun, and the less as the 
above numbers are smaller. There cannot be a doubt that this, coupled with 
the ductility of gun-metal, is one of the causes why guns of that material bear 
without destruction such heavy charges. 

135. Again, as cast-iron is a crystallized body, and its planes of crystal- 
lization variously arranged, as already shown (Chapters 8 and 4), and the 
elasticity of the integrant crystals probably different in different axes, it follows 
that the same internal impulse will not be transmitted at the same rate through 
the mass of the gun, in the directions of these rectangular axes. Hence probably 
another reason why impulsive or shattering forces act so injuriously upon it. 
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136. In concluding this discussion of the relations of elasticity only, to the 
materials for constructing artillery, it will be desirable to make clear the still 
more important relations of ductility and ultimate strength upon which the 
values of the coefficients of resistant vis viva of elasticity 7, and of rupture 7’ 
(already referred to) depend. 

137. The following Tables, rv. and v., give the results of the experiments 
upon direct extension made by M. Ardant of the French Corp de Genie, and by 
M. Bornet, for steel in its several conditions, harsh and ductile wrought-iron, and 
hard and annealed brass; and Table vi. the relation of elastic limit and exten- 
sion, to ultimate cohesion :— 


Taste IV. 


EXPERIMENTS OF M. Arpant on the Elongations per Metre in length of Wires, under Tensile Strains 
increasing up to Rupture. 


ee Stern Wire. Iron Wine. Brass Wire. “Strain in omen | 
| Hilogrammes be eee fees) | 
Millimetre Annealed, Hard and Millimetre | Hardened at 
me” | sete | Sees | nse, | Maen | dita [tat Sate | “ROR |S 
ny 
K. Mil. Mil. Mil. Mil. mi | K. 
50 0°25 0:24 0:23 0:26 0:294 0°55 045 | 249 | 059 
10-0 0°56 0-48 0-48 052 0588 PUL 0:90. 497 | 0°83 
15:0 081 0-72 0-72 0-78 0-882 1:70 1:35 746 | 1:08 | 
| 20:0 1:02 0:96 0:96 1:04 1176 2:28 1:80 | 9°95 1°39 | 
| 25:0 1:25 1-20 1:20 1°30 1-470 2°98 2:25 | 12°44 1:58 
| 30:0 1:50 1:44 1:44 1:56 2°500 3°70 7°30 | 14:92 1:87 
| 32:5 5 Fy “op 55 13:000 53 en 15°57 | rupture. 
|. 35°0 1:80 1:68 168 2:22 14-100 4:43 10°80 | 
40-0 2:10 1-92 1-92 240 | 18000 | 520 | 49:90 
42°5 ” ” ” » 20°500 » ” | 
45:0 2°36 2°16 216 | 2:82 /|rupture.! 6:15 | 115-00 | 
| SBRY FP . 5 | 3-10 7-19 | rupture. | 
| 500 2°65 2.40 2-40 | rupture. | rupture. 
52°5 2:52 ss 


55-0 3-00 2°66 rupture. | 
57:0 315 2°76 
op rupture. | rupture. | | 


The diameters of the wires were from 0°40 to 1°60 millimetres, and the lengths from 1 to 1:5 metres. 
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Taste V. 


ExperiMents or M. Borner on the Elongation per Metre of soft ductile round Wrought-Iron Bars, 
used for making Chain Cable, under increasing Tensile Strains up to Rupture. Diameter of Bars, 
49°5 millimetres ; Length 6°42 metres. 


| Strain per . | 
| Millimetre artis in aig eon Ber First Difference. Second Difference 
Kilogrammes. 
2 0:08 
08 
4 0:16 07 | 
| 15 | 
| 6 | 0°31 10 
| 05 
8 | 0:36 06 
| ita! 
} 10 0:47 | 03 
| | 08 
12 | 0°55 | 06 
| 14 
14 | 0:69 03 
17 
| 16 0:86 117 
| 1:34 
| 18 2°20 12:22 
13°56 
20 15°76 4:98 
8:58 
22 24°34 1:87 
10°45 
24 34:79 1-72 
12°17 
26 46:96 8:57 
| | 20°74 
28 67-70 0°95 
| 21:69 
30 | 89°39 21:40 
| 43°09 
| 32 132°48 , 
| . 
| 33 | rupture. 
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Taste VI. 


Rexation of Elastic Limit, and of Extension, to ultimate Cohesion, according to Continental Experi- 
menters, in English Measures. 


ee on at | 
NatuRE THE METAL, AND Elastlety, ens ultimate Cohe- cent of Eletlty 
OE Length os Bar | Per square inch. sc! rare siete | 
Wrought-iron bars, highest, .| 00167 30-000 063 | 34-133-400 | 
Ditto, (Duleau), mean, . .| “00062 17-634 0°36 | 28-444-500 | 
Ditto, (Lagerhjilm), mean, .| ‘00072 21:349 0:40 29°440:100 
Strong bars (Navier),. . 00093 25°600 0°45 25°591°165 | 
Tron wire (1:2 mil. diam. ) hard, 00084 21:300 0:33 26:026:718 
Ditto, (Ardant), soft,. . . 00088 | 21°300 050 24°177:825 
Cast-steel, English blue temper, | 
Ditto, (Morin) mean, . . .| ‘00222 | 93-866 0:67 42666750 | 


138. From these Tables the succeeding diagram has been produced, in 
which the quadratures of the four curves indicate the values of 7, and 7, for 
cast-steel, harsh strong 
iron, soft strong iron, and 
wrought-iron of extreme 
ductility, but of moderate 
strength. 

From d, the origin, dy 
is the ordinate of strain, 
in kilogrammes, and dz 
the abscissa of extension, 
in millimetres. The curve 
d'A, nearly a right line, 
is that for the extension 
of cast-steel; the curve brill 
d'B that for harsh strong “T1030 30-4050 G0 7060 G0 00D 30 Ho 
wrought-iron ; d’C the curve for soft strong iron ; and d’D that for extremely 
ductile, but not very strong iron. - 

139. On the known principles of vis viva, the “ work done” in each case 
in producing these extensions will be equal to one-half the quadrature of each 
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respective curve. It is obvious, then, to the eye, that although the strength of 
cast-steel (its ultimate cohesion) is enormously greater than that of the very 
ductile iron, still, from the greater range of extension, of the latter, in the 
abscissa d’z, the “ work done” in producing its extension to final rupture, or 
even its extension within the elastic limit, is enormously in excess of that 
required to bring the cast-steel up to its point of rupture. In fact, in round 
numbers, it will require of any force in motion, above fifty times the effort to rupture 
a given section and length of ductile wrought-iron, that will rupture the best and 
toughest cast-steel ; while again, for the very ductile wrought-iron, its value for 
T, is nearly siz hundred and fifty times that for T., so great is the range or limit 
of work to be done, between the elastic (safe) limit and that of rupture. 

140. Hence it follows, that a gun formed of cast-steel, or of harsh strong 
wrought-iron, provided it have an enormous surplus of strength above the 
highest strain to which it is to be exposed, will be very safe; but if its pro- 
portions be reduced within a narrower limit of balancing the final resistances 
with the bursting strain, or if the latter be brought up, accidentally or other- 
wise, so as to approach such balance, the cast-steel or the harsh wrought-iron will 
be the most unsafe gun possible, while in all cases the gun of ductile iron will be the 
safest. This might be popularly illustrated by saying that the former gun 
approximates to one of enormous strength, but made of glass, while the latter 
approximates to a gun made of sufficient strength, if conceivable, of leather or 
of India-rubber, or to the silk-wrapped guns of the Chinese. 

141. The highest possible ultimate cohesion is, no doubt, most desirable ; 
but this quality alone will not answer for ordnance (or for any other purpose in 
which impulsive strains are concerned) : it must be united with the largest pos- 
sible amount of ductility within the elastic range, to give security, or otherwise 
security must be purchased by the accumulation of an immense overplus of 
material. Were it possible to procure some variety of wrought-iron or of steel 
that should possess the great ultimate cohesion of the latter, united with the 
long range of extension of soft ductile, such wrought-iron as is used for making 
chains or rivets of, we should obtain the ne plus ultra of a material for the 
fabrication of artillery; but the latter indispensable quality appears, in the 
present state of metallurgic science, incompatible with the nature of steel in 
any form. The attempts, therefore, recently made, at great expense, to fabri- 
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cate guns of German steel, seem a step in a wrong direction, and made in 
ignorance or in defiance of the first principles that should guide us. (Note M.) 
142. The following Table will make this conclusively clear for the material 
in question :— 
Tasre VII. 


Resistinc Powers of the Cast-Steel of Herr Krupp, Essen, Westphalia, as compared with other 
Metals for constructing Ordnance. From Report by the Prussian Ministry of War, Berlin. 


Ultimate Ultimate | Angle of | 
Woe Metal. Resistance to | Resistance; Torsion | Value of 7; 
Tension per to before | deduced. 
square inch. | Torsion, | Rupture. 
Ibs. | Ibs. Degs. | 
1 | Krupp’s Cast-Steel, No.1 (Ein kron), . | 117-213 | 36300 | 207° | 3757-050 
2 fs ae a . | 110393 | 40140] 182° | 3652-740 | 
3 a ae ” - | 107516 34620 221° 3°825-510 
4 | Wrought-Iron, aye 731388 25020 | 322°  4:028-220 
5 e Merle ahs | Gage Wate Shag | eae 
(Gol), CEH Hiloek eae SOME ee SPA ae) Go 19:341 17510 12° | 105-060 
7 | Gun-Metal, 10 percent. Tin, . . . . 43536 | 20:430 | 400° | 4086-000 
8 e ZF 9» «© + + «| 41454 | 20:810 | 386° | 4:016:380 | 
9 ees) 1l a 35 Si eset a) USOFO a 207320 315° | 3-200-400 
10 » 12 “ Lats bole = |) nouaot a) Lodo 130° | 1-189-500 


Norre.—The direct tension experiments were made by Lieutenant-Colonel Orges, at Brunswick, on 3-inch 
square bars, by means of an hydraulic-press proving machine ; the experiments on torsion, by Lieut.- 
Colonel Weber. The Report erroneously deduces from his results, that Krupp’s steel has an approximate 
stability (Festigkeit—quere Zahigkeit?), the double of that of the best bronze. 

143. On examining the third column of this Table it will be observed that 
the ultimate cohesion of German cast-steel is nearly twice as great as that of 
wrought-iron, six times as great as that of cast-iron, and from two and a half 
to three times as great as that of gun-metal; and this, looked at alone, would 
appear to sanction the high value attributed to the first, as the best material for 
artillery; but when we examine the sixth column, in which the “ work done” 
in overcoming the resistance of column 4, through the space due to the angle 
of torsion, is given, we find the startling result, that this is greater for wrought- 
iron, and even for the best gun-metal, than for the best cast-steel. Nothing 
can more clearly show the unfitness of steel, and the extreme suitability of soft 
wrought-iron, for making cannon. 

The cast-iron in this Table must have been extremely hard, probably a 

22 
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mottled and nearly white iron, of very coarse grain, as the angle of torsion is so 
small, 12°; indeed the Report states, rather oddly, that it yielded “ without ex- 
tension” in the experiments of direct tension. This produces a value of 7, too 
small to truly represent cast-iron. 

144. It might appear doubtful, how far values for the coefficient 7, can be 
properly deduced from experiments on torsion. The proportionality of the 
numbers, however, is certain, as Cauchy has shown (Exerc. de Math., 4° anné) 
that in prisms exposed to torsion the constant G, or modulus of torsion, bears 
a constant relation to that of elasticity for any given material, or 


G=2.e 


oO 

145. Habit, and an uninstructed mode of viewing such questions, have pro- 
duced the prevalent notion, of the brittleness of cast-iron, as contradistinguished 
from the toughness of wrought-iron. The fact is, cast-iron, within the range of 
four or five tons tension per square inch, isa much more ductile material than 
wrought-iron; its total extension per ton per unit of section, is far greater, 
and the “ work done” in producing the extension for the first few tons (up, in 
fact, to the very limited strain, about 7 tons, at which rupture occurs), is much 
greater than in wrought-iron; and were it not that, the ultimate safe strain upon 
wrought-iron, is so much higher, cast-iron 
would be the better material for ordnance. 
But wrought-iron has a far greater ultimate 
cohesion—in about the ratio of 20 to 6— 
than cast-iron, and its softer varieties, a 
long and uniform range of extension ; it is, 


Kwoe FaanooS BERS 


therefore, in the exact sense of the word, Pee: eat 
the toughest material we areas yet acquainted oe 
with, and therefore the best, for artillery. te 
146. This peculiar property of cast- 
dav 5 10 15. 6 20 25% 


iron is evident from the accompanying 
diagram ; in which, from the origin d’, the ordinate d’y is that of strain, and 
the abscissa d’z that of extension; the curve a, that for wrought-iron, and 6 
that for cast-iron; half the quadratures of the curves, d’aa’, d/bb’ being the 
work done to produce them in each case, the latter being obviously greatly in 
excess of the former. 
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147. The extensions, for each ton of load, up to 15 tons, when wrought-iron 
begins to lose form, and its elasticity to be permanently impaired, may be 
compared in the following Table, deduced from Professor Hodgkinson’s expe- 


riments :—— 


Taste VIII. 
Total Extensions in proportion to L. 
Tons. | Wrought Iron. Cast-Iron. 
1 “0000689 01976 
2 000156 01155 
3 000238 06515 
4 0003819 09274 
5 “000399 “12397 
6 “00048 16363 Nore.—The cast-iron of 
Yh 00056 18297 these experiments was gray 
8 “00064 Rupture. metal, and much inferior in 
9 “00072 tenacity to the mottled metal 
10 “00080 suitable for guns. 
1l 000896 
12 “00102 
13 ‘00128 
14 00231 
15 00416 


148. It is not a little remarkable that the Yorkshire and Staffordshire cast- 
irons, which long experience has shown to be so valuable for gun-founding, 
possess by no means high coefficients of ultimate strength, while they are 
remarkable for their great extensibility and ductility. So prominent is this in 
Low Moor cast-iron, that it receives deeply the mark of the hammer, when 
struck cold, and possesses a certain amount of malleability, like an extremely 
soft and “over-worked” wrought-iron; and there can be no doubt, that it is 
the latter property, upon which its great value for cannon rests. The ultimate 
tensile strength of Low Moor and of Bowling cast-iron, is only 5.667 tons, and 
6:032 tons respectively; while that of many other “makes” ranges from 7 up 
to 10:477 tons per square inch, and that of various mixed irons still higher. 

149. It is not, therefore, by looking for foreign cast-irons (however smelted 
or procured), with great ultimate cohesion alone (to which the views of those 
“in authority” appear to be limited), that a better material of this class, than we 
at present possess, can be obtained; but by seeking that, which shall possess sach 
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a combination of tensile strength and elastic range together, as shall give the highest 
value to the coefficients T, and T,. How little this may be expected from the 
continent of Europe, in preference to the productions of Great Britain, may be 
judged of by the following Table rx., compared with subsequent ones. The 
measures are generally below those assigned by British authors. 


Taste IX. 


Uxtmate Couesion at Rupture, according to Continental Authors, in English Weights and Measures. 


| Ibs. per square 


inch. 


Highest,. . . . .| 142222 | Poncelet. 
Mean, 88657 | Poncelet. 


Cast-steel, tilted, { : 
Forged bars, highest, 75335 | Karsten. 


32 7.5 smean. = 56889 Karsten. 
Boiler-plate in the di- 
rection of lamination, 58314 Navier. 
: Boiler-plate, _ trans- 
Wrought-iron,. -< verse tolt, « % « 51200 Navier. 


Tron wire, ‘0091 in dia- 
meter, highest, . . 128000 | Ardant & Dufour. 
Tron-wire, ‘039 in dia- 


SNe ee 


meter, mean, . . 75000 Ardant & Dufour. 
Gastron Haghest, i) 3 Ss 95! ' 19201 Karsten. 
us Lowest, . . « » « 17782 | Karsten. 
Gun-metal, (Mean aw Pitts iste, te 32704 Poncelet.* 
Wire hard from the 


draw-plate, mean 
Avy Ge Ges under ‘039in.diam., 71100 | Ardant & Dufour. 
According to Rennie 

(Phil. Trans.), cast, 17920 


Mr. G. Rennie’s result for gun-metal is, doubtless, greatly below the truth, 
yet his are almost the solitary experiments published up to this date on the 
strength of this widely used material for cannon. In contrast with the figures 
of Ardant and Dufour, it forcibly shows the effect of molecular arrangement 
on cohesion, and is given chiefly with that view. 

150. I shall conclude this branch of the subject with Table x., in which all 
the conditions, as respects elasticity and extensibility, of the several materials for 
ordnance are presented together, the data being from continental experiments :—. 


* This agrees nearly with the American Government experiments. See “‘ Report on Properties 
of Metals for Cannon.” By authority of Secretary at War. Philadelphia, 1856; and Note N. 
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TaBLe X. 
Resistant Vis Viva, of Elasticity and of Ruptureby Tension of the Metals applicable to the Construction 
of Ordnance. 
i | =P A T= Pi q, 3 
3 Extensi Strain per Val Value fi 
Z Merar. per unit of unit of ace- Strain in for unit unit of, elasticity for 
Z ieemrp se | ,nonat.| ‘Tons foflengunand| lengthand | soit ofechton 
iia Ibs. Dynams. Dynams. lbs. 
1 | Cast-steel (English), blue temper, . | °00022 47040 21:0 5-175 39°650 42°666°750 
2 | Cast-steel (German), BOLE eh yey 00096 35392 15°8 16°988 103°500 28°866°725 
3 | Wrought-iron bar (maximum duc- 
GUIEY ea eS “00090 17024 76 7660 96-000 25-000-000 
4 | Wrought-iron (mean strength and 
ductility), ' -00066 15232 63 5°026 28°444-500 
5 Wrought-iron bar, strong ‘and tri 00054 } 25760 115 6955 28-444-500 
6 | Cast-iron, mean, . . -00085 14112 63 5997 17:066°700 
7 | Gun-metal, cast, mean, 5.0 -| 00104 10304 46 5308 9°955°575 
8 | Brass wire, drawn and soflened, | ° 00135 21280 9°5 16-490 9173-190 
9 | Brass, cast, mean, . . -.. - -| °00076 6944 31 2°639 20-900 8-930-000 


No. 1, From Morin’s experiments on flexure of dynamometric springs. 
No. 2, From Morin’s and Poncelet’s Tables; but the value of i is probably greatly too high. 
No. 8, From Ardant’s experiments on fine brass wire, and require to be taken with reserve. 


151. On examining this Table, the importance of holding in view the value 
of 7, and 7’,, rather than the mere static strain, or that from a passive load, as 
respects the construction of artillery, becomes very striking. Thus, in the case 
of tempered cast-steel, although the resistance to a passive strain is taken as 
high as 21 tons per square inch, yet, from the extremely small range of exten- 
sion, the “ work done” to bring it to the limit of its safe load is found to be less 
than that required for soft ductile wrought-iron, that will only bear a passive 
load of about one-third as much as the steel, in the ratio of 5-175 : 7°660. So 
also by the comparison between the soft ductile iron No. 3, and the much 
stronger (to a passive strain), but less extensible, iron, No. 5: the “ work done” 
in the former at the elastic limit being 7°660 : 6°955 in the latter. Again, it 
will be remarked, that, although so much weaker, in mere tenacity, under 
passive strain, tham wrought-iron, yet, from the far greater extensibility of cast- 
iron (No. 5), the “work done” to bring it up to its elastic limit, is actually 
greater than that of wrought-iron of mean quality (No. 4), in the ratio of 
5997 : 5-026; while, lastly, we may remark that gun-metal, with a tenacity 
at the elastic limit a third under that of cast-iron, requires nearly as much 
“work done” by a dynamic effort, to bring it to that point. 
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152. It is easy, then, to understand, how widely mistaken have been the 
estimates of Mr. Nasmyth* and others, as to the comparative resistances, of 
wrought and of cast-iron, for ordnance, in assuming the former at six times the 
strength of the latter. 

Much more extended experimental information is yet needed, however, to 
bring these conditions into a state to be applied with perfect assurance, in 
calculation and practice. 


19.— Gun-Metal or Bronze as a material for Cannon. 


153. We have already considered some of the physical properties of gun- 
metal in relation to the other materials for cannon, in treating of the effects of 
unequal expansion by heat; but in order fully to compare the relative values of the 
four great classes of materials, for the construction of ordnance, viz., cast-iron, 
wrought-iron, steel, and gun-metal, it is necessary to treat more at length of the 
physical, and especially, the chemical properties of the latter alloy. Gun-metal, 
probably the very earliest used material for cannon, is that which has received 
the least improvement or systematization of our knowledge as to its use, up to 
the present hour,—the archeologist finds the rude weapons of Scandinavian, 
Celtic, Egyptian, Greek, and Roman warfare, formed of nearly the same alloys 
of copper and tin, and in about the same proportions, as the cannon of to-day.f 

This has resulted, not from total neglect of the subject, nor from insuperable 
difficulties, but because a result, considered “ good enough” in practice, has been 
arrived at, in the chief gun-foundries of Europe long since, and because whatever 
experiments have been undertaken to improve (so far as any such have been 
published) have proceeded with little system, and in the hands of men, not 
possessing the indispensable qualifications for success, namely, an accurate and 
extensive acquaintance, with both chemical metallurgy, and physics, on the one 
hand; and with the demands of the artillerist, and the practical devices, ex- 
periences, and skill of the founder, upon the other. 

Such an inquiry remains still to reward the labour, and well-directed know- 
ledge, that shall be bestowed upon it, and should gun-metal always continue to 


* See Mr. Nasmyth's letter to “ The Times,” November, 1854. 
{ See Dr. J. W. Mallet’s “‘ Chemical Enquiry into the Metallic Antiquities of the Royal 
Irish Academy Museum.” Trans. R. I. A., vol. xxi. 
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form the staple material for field artillery (which, however, appears by no means 
probable), it would be an object worthy of national undertaking and expendi- 
ture, as being utterly beyond the reach of private effort, or the demands of 
commerce. 

154. The circumstances of chief difficulty and importance, in the manipula- 
tion of gun-metal, as affecting the production of cannon, are :— 

1°. The chemical constitution of the alloy, as influencing the balance of 
rigidity 
ductility 
2°. Its chemical constitution, and what other conditions, influence the 
segregation, of the cooling mass of the gun when cast, into two or 
more alloys, of different and often variable constitution. 
3°. The effects of rapid and of slow cooling, and of the temperature at 
which the metal is fused and poured. 
4°. The effects due to repeated fusions, and to foreign constituents, in 
minute proportions entering into the alloy. 

155. These questions have been more or less considered by Antoni, Birin- 
goccio, Briche, Dartein, Schlié, Lamartilliere, Monge, Darcet, Andreossi, Dus- 
saussoy, Gay-Lussac, Moriz Meyer, De Massas, and others, but by none syste- 
matically. 

156. Omitting the older guns, which almost always consisted of a heteroge- 
neous mixture of copper and tin, with zinc, lead, antimony, cobalt, nickel, silver, 
and iron, or one or more of these ; all modern gun-metal comes to be some 
particular case of the general formula (Cu, + Sn,). 

157. The following Table, extracted from the author’s Second Report onIron 
(Trans. Brit. Assoc., vol. ix.), contains the results of a carefully conducted series 
of experiments made by him on the chemical constitution and physical proper- 
ties of a number of such binary alloys. A few additions have been made of 
alloys, remarkable or important in their mercantile, or other relations, so far as 
their properties have been ascertained. 

It is astonishing to find that, after five hundred years’ habitual use of the 
material, the military literature of Europe appears barren of a single series of 
systematized and accurate experiments on the physical properties of gun-metal. 
Nor has America produced such, although in advance, by the skill and energy 
devoted to the improvement of its ordnance, which its numerous Government 
Reports display. 
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Tasxe XI. 
Suowine the Physical Properties of the Atomic Alloys of Copper and Zine, and of Copper and Tin. 


COPPER AND ZINC. 


1 2 3 [ee 5 6 | 7 8 9 10 11 2 13 
< ; < REE Ultimate |S seEs BED |e 1s 
es S Chemical Cora Dost ae Dy Ooo specitic Cohesion|5 == Lae 5 Ss 5.3 Commercial Titles. 
SE| Constitution. | weig t per ceni eig) lapect Colour of Fracture. |Fracture. persquare 955 3 2,128 $3 $3 Charaeteristic Properties in 
Pai) eo teee ee er inch. [5 EiSasi5q |3 3 Working, &c. 
ee F AM Selta l= & 
i) 4 asee i 
ass ze | oe 1 | 2 | 5 |e 
Cu 100°00 + 0 316 8667 | Tile-red. . a 8 ‘opper. 
; 10 Cu a Zn 72 3 Reddish-yellow,1| ©.C. 121 6 | 13 | a1 | 14 Savant Gt. thems 
s$| 9Cu+ Zn 7 Reddish-yellow, 2| F.C. 115 4 i 20 13 : are ciatieatio ak 
4| 8Cu+ Zn 1 Reddish-yellow, 3| F.C. 123 2 | 10 | 19 | 12 | Similor,&e, 4 Hon tempera- 
5| 7Cu+ Zn 4 Reddish-yellow,4 | F.C. 13-2 9 Se rye | eae tems iP 
6} 6Cu+ 2 . Yellowish-red, 3} F.F. 141 5 7 10 
7| 5Cu+ Z Yellowish-red, 2] F.C. 137 ll 2 16 9 | Bath metal. 
8} 4Cu+ Zn Yellowish-red, 1 F.C. 147 a 3 15 8 | Dutch Brass. 
9}| 3Cu+ Zn Pale yellow, E.C. 131 10 4 14 7 | Rolled sheet Brass. 
10} 5Cu+ 2Zn | 71434 2857 | 2226 | 2? |J.w. ese eens mites mis ee ous sod - - | Normal Brass. 
{| 2Cu+ Zn Full yellow, 1} Fc. 125 3 6 13 6 | British Brass. : 
12 | 19Cu+12Zn Full yellow. . 19 1 3 16 6 | Muntz patent sheathing. 
13 Cu+ Zn Full yellow, 2 C.c. 92 12 5 12 6 | German Brass. 
14 Cu+ 22Zn Deep yellow. C.C. 19°3 1 7 10 6 »» _ Brass, Watchmakers’. 
15 8Cu+17 Zn Silver-white, 1 Cc. 21 0 22 5 5 | Very brittle, 
16 8Cu+18Zn Silver-white, 2 V.C. 22 0 23 6 5 | Very brittle, |Too hard to file 
7 8 Cu+19Zn Silver-gray, 3 Cc. O7 0 21 7 5 | Very brittle, or turn, lustre 
1s} §Cu+20Zn Ash-gray, 3 V. 32 0 19 3 5 | Brittle,« nerly equal to 
19} 8Cu421 Zn Silver-gray, 2 Cc. 09 0 18 9 5 | Brittle, — Speculum metal. 
20] 8Cu422Zn Siiver-gray, 1 Cc. 03 0 20 8 5 | Very brittle, 
21 8 Cu 4 23 Zn Ash-gray, 4 F.C. Pe) 0 15 1 5 | Barely malleable.. 
22 Cu4 3Zn Ash-gray, 1 F.C. 31 0 16 2 4 | Brittle. 
23 Cu+ 42Zn Ash-gray, 2 F.C. 19 0 14 4 3 | White Button metal 
34 Cut 5Zn Very dark-gray. | F.C. 18 Oi | tz a |) 1 2 | Brittle. 
2 + Bluish-gray. T.C. 15:2 13 12 23 1 | Brittle, Zinc 
COPPER AND TIN. 
1 Ccu+ U) 8667 | Tile-red. E. 24-6 1 2 10 16 | Copper. 
2] 10Cu+ Sn 1571 8561 | Reddish-yellow, 1 F.C. 161 2 6 8 15 | Gun-metal, &e 
3/ 9Cu+ Sn 719 8462 | Reddish-yellow,2 | F.C. 152 i) 7 5 14 | Gun-metal, &c. 
4{/ 8Cu+ Sn 13°90 8459 | Yellowish-red, 2] F.C. 177 4 10 4 13 | Gun-metal, tempers best. 
5 7Cu+ Sn 21:03 8-728 | Yellowish-red, 1 V.C. 13°6 5 il 3 12 | Hard mill Brasses, &c. 
6| 6Cu+ Sn 2371 8750 | Bluish-red, A)» Wa 97 o| 2 2 | 11 | Brittle, All these 
7} 5Cu+ Sn 27:20 8575 | Bluish-red, 2 (oh 49 0 | 13 1 | 10 | Brittle, Alloys found 
gs} 4Cu+ Sn 3179 8400 | Ash-gray. Cc. 07 0 14 6 9 | Crumbles, occasionally 
9| 3Cu+ Sn 38°31 $539 | Dark-gray. TG: 05 0 | 16 7 Crumbles, in Bells, and 
10 2Cu+ Sn 48°25 $416 | Grayish-white, 1 V.Cc, 17 0 15 9 7 #| Brittle, 2 Specula with 
aI Cut Sn 65°08 8056 | Whiter still, 2 T.C. 14 0 9 1 6 | Small bells, brittle, | mixtures of 
LP Cu+ 2Sn 73°85 7387 | Whiter still, 3 Cc. 39 0 8 1 5 ” brittle, | Zn. and Pb. 
13 Cu+ 3Sn 84:83 7-447 +| Whiter still, 4 C.c. 31 0 5 1 4 | Speculum metal of Authors, 
14 Cut 4Sn 83:18 7-472 | Whiter still, 5] C.C. 31 8 4) 14 3 » Files, tough. 
lb Cu+ 5Sn 968+ 90°32 7442 | Whiterstill, 6 E 27 6 3 15 2 » Files, soft and tough, 
16 + Sn 0 + 100°00 7-291 | White, 7 F, 25 7 1 16 1 | Tin 


Abbreviations used in Column 7 to denote character of Fracture :—F.C. Fine Crystalline, C.C. Coarse Crystalline, T.C. Tabular Crystal- 
line, F.F. Fine Fibrous, C. Conchoidal, V.C. Vitreo-Conchoidal, V. Vitreous, E. Earthy. 

The maxima of Ductility, Malleability, Hardness, and Fusibility, are = 1. 

The numbers in Column 6 denote intensity of shade of the same colour. 

The Atomic Weights are those of the Hydrogen Scale. 

The Specific Gravities were determined by the method indicated in Report, Trans. Brit. Ass. vol. vii., p. 283. 

The Ultimate Cohesion was determined on prisms of 0°25 of an inch square, without having been hammered or compressed after being cast. 
The weights given are those which each prism just sustained for a few seconds before rupture. 

The Copper used in these Alloys was granulated, and of the finest ‘‘ Tough Pitch ;” the Zinc was Mosleman’s, from Belgium; and the Tin 
“Grain Tin,” from Cornwall. They were alloyed in a peculiar apparatus, to avoid loss by oxidation, and the resulting alloy verified by analysis. 

No simple Binary Alloy of Cu + Zn or of Cu + Sn works as pleasantly in turning, planing, or filing, as if combined with a very small pro- 
portion of a third fusible metal, generally (Cu + Zn)" + Pb; or (Cu + Sn)” + Zn, as is known to workers in metals. Statuary Bronzes are all 
Ternary or Quaternary Compounds, as are also most old cannon, from the accidental introduction of foreign metals. 

No 8, 4 Cu + Sn, is Lord Rosse’s Speculum Metal, which would appear to gain brightness of colour and lustre by his method of chill-cast- 
ing, and by increase of mass. 
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158. In gun-metal, as in every other material for cannon, while sufficient 
hardness must be secured to resist longest, the abrasion of shot, and the deflagra- 
tion of the powder, along with the greatest ultimate tenacity, there must be 
such a balance, of rigidity and ductility with ultimate cohesion, as shall give 
the maximum value to the coefficients 7, and T,. 

The hardness and rigidity increase with the proportion of tin ; the ductility 
and tenacity with that of the copper, but not in any direct ratio in either case. 

159. The specific gravity increases with the copper generally, although M. 
Briche’s statements (Jour. des Min. t. v.) indicate the contrary :— 


Sp. Gr. Mean Sp. Gr. 


Cu + Sn. actual. calculated. 
100+ 4 8-79 8-74 
100+ 6 8-78 871 
100+ 8 8-76 8-68 
100+ 10 8-76 8-66 
100+ 12 8-80 863 
100+ 14 8-81 861 
100+ 16 8:87 8-60 
100+ 33 8:83 8-43 
100 + 100 8:79 8-05 


On this Dumas has remarked, that the true density is masked by the effects 
of various forms of aggregation in the different alloys. The increase of density, 
however, is certainly towards the copper, though in no ascertained ratio to the 
decrease of tin. The fusibility is always greater than that of copper, less than 
that of tin. The ultimate cohesion is always less than that of the best refined 
tough copper, but greater than that of tin. The ductility less than that of copper, 
greater than that of tin. The hardness always greater than that of either. 

160. Few examples are met with, of guns formed of metal in strictly 
atomic proportion, but alloys are therein found, presenting every formula, from 
(7 Cu + Sn) upto (83 Cu+4Sn). The proportions most approved of in the 
arsenals of Europe appear to vibrate between 100, by weight, of copper to 9 of 
tin, up to 100 of copper to 12 of tin. In France, 100 copper + 11 tin, by 
weight, is the proportion fixed by law, invariably aimed at, and, we shall see 
reason to conclude, judiciously so. In the United States 100 copper + 12-5 tin 
is adopted for certain species of guns. 

161. In common with the great majority of metallic alloys, gun-metal is held 
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so loosely in combination, that very slight forces are sufficient to induce its 
segregation, into two or more different alloys, which, on cooling, are found to 
occupy different portions of the mass, and possibly even to separate a portion 
of one or other of the constituent metals. 

162. Thus, in a gun cast vertically, and permitted to cool slowly, as in the 
ordinary practice of “ loam casting,” the external portions, which cool first, have 
a determinate constitution, different from that assigned by the proportions of the 
metals, as fixed for fusion. The interior of the gun, which cools last, has another 
constitution different from either, and always richer in tin. But when the whole 
gun has become solid, and portions are examined, from the extreme lowest, 
middle, and highest parts, of the previously fluid column of metal, it is found 
that these again differ from each other, and that this difference varies, in the 
vertical for the exterior or crust alloy, which has cooled first, and for the 
interior column of alloy that has cooled last; so that, in fact, of any gun, no two 
adjacent portions have strictly the same chemical constitution,—the maximum 
of copper being found in the exterior and breech of the gun, or lowest part of 
the column of metal; and the maximum of tin, in the interior and highest part 
of the metallic column. The utmost discordance prevails in authors as to the 
position in the gun in which the maximum of tin is found; their conclusions 
being almost always based upon isolated facts, and taking no account of the 
differences that must arise from variations in the primary alloy, and in the 
details and circumstances of its moulding, casting, and cooling, difference of 
mass, &c. 

The account given must be viewed as the normal case, in which the homo- 
geneous alloy is subjected to no forces in consolidating but those of its own 
affinities, of gravitation and of cooling by radiation in a perfectly equable 
manner. 

163. The segregation from the exterior to the interior is due to a play of 
chemical affinity, separating the whole mass into two or more definite atomic 
alloys, that of the exterior possessing less fusibility, and more copper, than that 
in the interior, which remains fluid longer. 

The constitution of the latter was found by Dussausoy, to approach in 
almost every case, an average constitution of (8 Cu + Sn). 
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164. The phenomena that attend its separation are remarkable. Some time 
after the exterior of the gun has become solid, the still liquid interior of the column 
of metal begins to present, at its upper extremity, intestine motions, often attended 
with sputterings and jets of metal, and ending, by the upper extremity rising more 
or less above its former limit, in an irregular fungoid form, and then becoming 
solid. This has usually been ascribed to a change of volume occurring in the 
mass of the internal alloy at the moment of its consolidation, due to crystalline 
or other molecular forces, while the sputtering and jets of metal, and the cauli- 
flower-like top assumed by the upper end of the column of metal (the top of the 
“rising head,” or “ dead head” of the gun-founder) has been ascribed to the 
escape of air from the mould, through the still liquid metal of the interior,—an 
attempt at explanation certainly erroneous (though copied almost word for 
word from author to author), since any air requiring escape, from the sides of 
the loam mould, would commence to escape through the column of metal, if 
escaping at all through it, the moment the mould was full, when the metal is all 
hottest and most fluid, and could not possibly escape through the central fluid 
portion of the mass subsequently, to the consolidation of the exterior, and, 
indeed, in no case of moderately good moulding need, or can escape, either way, 
other channels being provided for it. The true cause of the phenomena seems 
to be this. 

165. Copper, like silver, possesses, in all probability, the property of absorb- 
ing oxygen when in fusion, and its alloy with tin does not appear to prevent this, 
contrary to the case of silver, wherein a slight alloy of copper is sufficient to 
prevent its absorption of oxygen, which Lucas discovered was absorbed by pure 
silver in fusion to the extent of twenty times its own volume; the metal evolving 
the whole of it again at the moment of consolidation by cooling, and with the 
protrusion of similar fungoid masses, which present themselves like little craters 
on the surface of a large ingot of refined silver. 

Direct experiment has not yet, the author believes, shown a like absorption 
of oxygen by copper or its alloys with tin; but that the fact is so, is indicated by 
several circumstances. Copper possesses the utmost susceptibility to absorb 
many other bodies while in fusion ; thus the well-known process called “ poling,” 
of refining “ tile copper,” which is short, brittle, and incapable of being beaten 
out, laminated, or wire-drawn, to bring it to “tough pitch,” when it admits 
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of all these, consists in stirring up the mass of melted metal with a dry, hard- 
wood stick. What occurs seems to be the removal of a portion of oxygen, 
either directly combined, or in the state ofa combined suboxide, from the mass, 
by the affinity of the hydro-carbons produced by the burning of the wood beneath 
the molten mass. When this process is carried too far, the copper, in place of 
remaining at “tough pitch,” at which, when cold, it would be capable of being 
forged, rolled, wire-drawn, &c., “goes back,” and becomes brittle and short as 
“ tile copper” again; and on examination it is found now, that the oxygen is gone, 
but that it is replaced by a small proportion of carbon, which the metal has 
absorbed. Oxygen is, therefore, present in the metal, but a‘slight play of 
affinities is sufficient to cause its removal from the liquid metal, from which some, 
at least, is probably evolved on its consolidation otherwise. But it is a fact well 
known to gun-founders and bell-founders that the oftener the alloys of copper 
and tin are melted, the more difficult it is to produce solid castings with them, 
and that very frequently castings made with such metal, though presenting no 
large or obvious cavities or defects, are yet found, upon examination with the 
microscope, to be filled, almost with perfect uniformity, throughout the whole 
mass, with innumerable minute vesicles, all of an almost perfectly spherical 
form. In the case of large bells this is not uncommon; and the author, in his 
own practice, once examined a bell of large weight, cast chiefly from old bell- 
metal, so filled with vesicles of this sort that the want of homogeneity, interfered 
with the sonoricity of the metal, and the bell gave scarcely any clear sound when 
struck, and was, moreover, unusually brittle and incoherent. 

Now, it is an ascertained fact that this difficulty of making sound castings 
from old and often re-melted alloys of copper with tin (or with zinc) arises from 
the oxidation of the tin and the copper, which the experiments of Dussausoy 
showed, took place in such proportions that in the case of gun-metal, for one 
part by weight of tin oxidated, from three to four of copper were so. A part 
of this oxygen absorbed or combined appears, then, to be given up again by one 
or by both metals at the moment of consolidation, and is evolution to be the 
cause of the perfectly uniform dissemination of the minute air-vesicles alluded 
to, which are seldom known to occur in such abundance in new or not frequently 
fused metals, though more or less, they may almost always be found by micro- 
scopic examination, of all gun and bell-metals. 

But again, where copper, or its alloys, have absorbed an excess of carbon, 
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as already noticed, it is not improbable that the latter, at the high temperature 
of fusion, may, in the processes of fusion, pouring, &¢.,combine with oxygen from 
the atmosphere, and give rise to the vesicular structure by the evolution of 
volatile matter, such as carbonic oxide, within the mass. The combination, 
like the absorption of oxygen, taking place at a higher temperature, and the 
subsequent evolution at a lower and definite one, at which the affinity of the cop- 
per, or its alloy, for either the absorbed oxygen, or the absorbed carbonic 
oxide, is a minimum. 

While, therefore, increase of volume may occur in the central mass of the 
more fusible alloy of the gun, owing merely to some changes of molecular 
arrangement at the instant of its consolidation, (in accordance with many ana- 
logous cases), the whole increase, does not appear due to this, but also to the 
sudden evolution of gaseous matter (oxygen, or its compounds, with carbon) 
derived from the oxides or from absorbed oxygen and carbon within the mass, 
at the moment of consolidation, and the sudden elastic evolution of part of which, 
at the head of the casting, causes the sputtering, &c., already described. 

166. The constitution of the alloy changes, not only in the cooling, but in 
the melting, by the continual reduction of the quantity of tin, which oxidates 
much faster than the copper, though the latter be present in so much greater 
mass. Dussausoy found that gun-metal having the proportions of 100 copper 
and 11 tin, by weight, had the following constitutions after each of six conse- 
cutive meltings, indicating the rapidity with which oxidation of the tin occurs :— 


Resulting Constitution of Alloy. 
in. 


Fusions. Copper. T 
see eee is ea ty, ; 
ahi eat OOF ttn 10:8 
SRe it be Ol Sia a ot 0-9 
Cae) 384103 Oiett>» 18:0 
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The extreme irregularity of the specific gravities that he gives attached to 
each, prove the extent to which the oxides become involved in the mass, and the 
latter is rendered “ boursoufflé” thereby. Itis probably in virtue of the reduc- 
tion again of these disseminated oxides, by an elevated heat, that the opinion 
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of M. Briche, of the Gun-foundry at Strasbourg, is founded (Journal des Mines, 
tom. vi., an. v. de la Republique)—namely, that the higher the temperature to 
which the melted mass is exposed, the more uniform is the metal when cast. 
Experiments made in the United States in 1850 render it extremely probable 
that the evolution of gaseous matter, referred to (see 164, 165), occurs chiefly 
within the limits of a very high range of temperature, which corroborates the 
explanation here offered of the phenomena. These experiments also showed that 
the best results were obtained from castings “poured” at a low temperature, 
though still a determinate one, beneath which they again deteriorated. This, 
however, does not conflict with the view that a- very high temperature of fusion 
may be advantageous, although analogy renders it improbable. At the best 
temperature in the American experiments there was no fungoid excrescence 
driven up over the “ rising head,” and the large and uniform contraction of the 
latter in cooling, indicated the great density which the gun-metal was subse- 
quently found to possess. 

167. Whatever be the immediate causes determining the segregation of the 
normal alloy, the separation in any gun-metal having the general formula 
(Cu, + Sn,) may take any one of three forms, namely— 


(Cu., + Sn,,) + Cu,; 
(Cuz, + Sn,,) + Sn,; 
(Cu,,+ Sn) +(Cu+ Sn,,); 


or more than one of these together. 

168. Alloys, of precisely definite atomic proportions, generally present the 
best pronounced and most constant physical properties. It has been doubted, 
however, whether this be so in the case of the gun-metals, the very best of 
which are found within the limits (given in the preceding Table vm), viz., 
between 9 and 12 by weight of tin to 100 of copper. 

On examining more closely the atomic constitution of these four alloys, 
however, we shall find reason to adhere to the conclusion, that the most defi- 
nite alloy makes the best gun-metal ; and to remark that the curious segrega- 
tion into two or more different, but still definite alloys, is probably intimately 
concerned with its toughness and elasticity ; that, in fact, the gun, with the 
central portions so rich in tin bored out, consists of a comparatively soft and 
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ductile alloy, embracing in a state of extreme comminution throughout its mass, 
another harder and more elastic one ; and thus singularly analogizing with the 
constitution of the best cast-iron for gun founding ; the mottled (fonte truité), 
of which we have already treated, which consists throughout its mass, as stated, 
of a soft, minutely graphitic iron, embraced by a disseminated, hard, white, and 
lamellar metal, whose carbon is all chemically combined. Thus:— 


Divided by Atomic | ; ere 
Weights. | Atomic Constitution. | 


— |——_______—_ | 

Cu Sn 
100+ 9 91°743 + 8257 2903 + °1401 20°72 Cu+Sn 
100 + 10 90909 + 9:091 2°876 + °1543 18°64 Cu + Sn 
100 + 11 90090 + 9-910 2°851 + -1582 16°95 Cu + Sn 
100 + 12 89:285 + 10°715 2°825 + °1819 15°52 Cu + Sn 


Cu + Sn Composition per Ceut. 


RODE 


These in whole numbers approach nearest to— 


Composition per 


Atomic Constitution. Atomic Weight. 


Cent. 
i cu + Su 
1 83 Cu +4 Sn 9158+ 842 27984 
2 56 Cu+3 Sn 9112+ 888 1946°3 
3 17 Cu+1Sn 90712 + 9°88 5961 
4 31 Cu+2 Sn 89°27 + 10°73 1097°4 


We thus find that the gun-metal No. 3, consisting of 100 copper + 11 tin 
(which, after repeated trials and long experience, was fixed by Statute in Oct., 
1769, as the only alloy to be used for French cannon, having been found the best), 
has in reality a very simple and almost precise atomic constitution ; for the small 
excess per cent. in tin, as put into the furnace, namely, the difference between 
9°910 and 9880 per cent., will be just about eliminated in the alloy by oxidation 
in melting, leaving the gun-metal almost precisely 17 Cu + Sn, and most probably 
this more stable alloy is the basis of several others above and below it in the 
scale. 

169. The exuded alloy from the centre of the mass was found by Dussausoy 
to have the constitution (Cu, + Sn), or, as he says, an atom above or below, 
in copper, which, on referring back to Table x., is, we find, the harder and 
more elastic of the two,—we can then deduce the following rational formule as 
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representing some of the more probable forms of constitutional arrangement of 
the whole mass, in each of the four preceding alloys, after consolidation. 


No.1. 100: 9 =83Cu+4Sn 
= 4 (Cu; + Sn) + Cu; 
= 3 (Cu, + Sn) + (Cu; + Sn) + Cuy 
= 3 (Cu, +Sn) + 0°5 (Cus + Sn) +0°5 (Cu, + Sn) 
— (Cus, + Sn) +2 (Cu, + Sn) + Cu. 
No. 2. 100: 10 =56Cu+8Sn 
= 3 (Cu,;+ Sn) + Cu; 
= 2 (Cu, + Sn) + (Cus + Sn) + Cuy 
= (Cu,, + Sn) + (Cu,; + Sn) + (Cu, + Sn) + Cu 
= (Cus, + Sn) + 0°5 (Cus + Sn) + 0°5 (Cu, + Sn). 
No. 3. 100: 11 =17 Cu+Sn. (Normal gun-metal.) 
No. 4. 100: 12 =31Cu+2Sn 
= (Cuy; + Sn) + (Cu, + Sn) + Cu, 
= (Cu; + Sn) + (Cu, + Sn) + Cu, 
= (Cui; sr Sn) +0°5 (Cus + Sn) + 0:5 (Cu. + Sn) 


Analyses quoted by Moritz Meyer, of the Russian service, and verified in 
France by Ravichio de Peretsdorf, proved the segregated alloy in many cases 
to have the constitution (6 Cu+ Sn), an alloy as hard as bell-metal. (See 
Table x. 6.) 

Applying this to the empiric formula No. 1, we obtain such rational for- 
mule as the following :— 


83 Cu+4Sn 

3 (Cuy; + Sn) + (Cu; + Sn) + Cur, 

2 (Cu; + Sn) + (Cuy, + Sn) + (Cu,, + Sn) + Cuz 
(Cugs + Sns) + (Cu; + Sn). 


All which agree with the former in this, that the total compound is broken up into 
two or more alloys, the copper in one of which (normal gun-metal, 17 Cu+ Sn) 
bears to that of any of the segregated alloys, the ratio of 17: nx 2. These 
are incommensurable numbers; and hence the primary cause of segregation 
shows itself to consist, not in separation merely, through difference of specific 
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gravity, or of change of affinity with temperature, &c., but in the competency 
of copper and tin to form two sets of alloys, whose respective combining 
ratios are such as to render secondary combination in the alloys themselves 
impossible. It might be presumed that the addition in small proportion of a 
third metal, capable of combining with both alloys, would unite them, and 
improve the physical properties of the whole. This does not, however, seem 
to be indicated by the very numerous, though most desultory and unsystematic, 
trials of ternary alloys, made at various periods and places, numbers of which 
may be found recorded in the works of Hervé and of Meyer. The whole 
subject of bronze gun-casting and of the gun-metal is, as it were, yet to be 
investigated ; and success can only attend this when, for the first time, it shall be 
commenced and pursued in a truly philosophical spirit, and with the full aids 
of Chemistry and Physics combined. 

170. It is probable, therefore, that Nos. 1, 2, and 4, and many other gun- 
metals besides, consist when cast of the normal metal (Cu,; + Sn), with one or 
more subordinate alloys, exuded or not, and with or without a proportion of 
separated copper; in other alloys of different proportion, a similar segregation 
may occur, with separation of a portion of tin. But that there is no advantage 
gained necessarily, by mere complexity of constitution, is pretty obvious from 
the normal and simple alloy being found in practice the best; the only quali- 
fication being, that in French arsenals it is considered, that for small and light 
guns below nine-pounders, 100 copper + 8 tin is better, the alloy 100 copper + 11 
tin being used for all above. 

171. Where the atomic constitution is complex, and especially where the 
tin is in excess, the affinity of the alloy seems to reach its extreme of inco- 
herence. Thus Berthier found that an alloy which had been found decisively 
defective in quality for guns, and which was submitted to him for analysis 
(Ann. des Mines, t. vii., 3®° ser.) had the composition— 


Copper, . . . . - 838 
Et Were sed WER i / 
WCAG Neneh oic® sonihicie ad Oko 


Neglecting the lead, as no doubt accidental, though most prejudicial to 
the qualities of the alloy, the composition of this metal approaches to 9-66 
2u 2 
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atoms of copper to 1:00 atom of tin, which would give rise to the rational for- 
mula— 


58 (Cu; + Sn) + (Cu, + Sn) + (Cu, + Sn) + Sryo. 


There is, therefore, a large proportion of uncombined tin merely diffused 
through the mass (like water in a’sponge), and the whole combination is held 
together, independently of this, in the very loose way that characterizes the 
alloys of all metals, in which the combining proportions demand large multipliers 
for the atoms of either or both metals; the general fact admitting of no exception, 
that the simplest and most elementary alloys, are those most firmly combined. 

172. An extensive series of experiments made some years since by the 
author, upon the effects of additions in minute but atomic proportions, of various 
third metals to the binary alloy of copper and zinc, known as Muntz’s metal 
(No. 10, Table x.) embracing antimony, lead, iron, bismuth, arsenic, and silver, 
proved that in every instance the ductility, tenacity, flexibility, and resistance 
to torsion were seriously impaired by proportions under even 1 per cent. 
These experiments were conducted upon a large scale, merchant sheathing 
sheets being rolled out from the alloy in each instance; they are, therefore, to 
be relied upon, and may probably be applied with like confidence to the binary 
alloys of copper and tin also, as indicating like results. 

173. If it should appear that part of the tin of gun-metals separates solely in 
virtue of its greater fusibility and less specific gravity, and in every atomic 
constitution, the fact would seem to make vain any chemical consideration as 
to the proportions of these alloys, and make it doubtful that they were true 
chemical compounds at all; but though often loosely so stated, the fact seems 
in no instance ascertained to be so, and the specific gravities of the alloys, 
differing from the mean of their constituents, as well as all other facts, oppose 
the conclusion that such mere mechanical segregation of the tin alone, ever 
occurs with atomically proportioned alloys. Lamartilliere (“ Researches sur 
Y Artillerie”) mentions uncombined nodules of tin, ,as occasionally found segre- 
gated, and embedded in the interior of the mass of bronze guns. Nevertheless, 
it is extremely doubtful, that either tin or copper is ever segregated in a state 
of purity, i. e. unalloyed with each other, from any primary alloy between 
100 : 9 and 100 : 12 by weight. 
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174. The alteration in constitution in the vertical direction, by which, when 
cold, there is more copper in the lower part of the column of the gun, appears to 
be due simply to the effects of gravitation acting upon the denser metal (the 
copper), and partially eliquating it from its extremely loose combination with 
the tin. It would be contrary to all chemical analogy to suppose that the 
increased statical pressure towards the base of the column acted in inducing 
the descent of the copper,—pressure tending usually to increase affinity and 
promote the stability of compounds,—unless, indeed, we presume that the 
affinity of tin for copper varies with pressure, and, as this increases, causes the 
tin of the lowermost parts of the column to rob copper from the superior por- 
tions of the mass. The simplest and first explanation seems the most probable. 
The fact, however, is certain. Thus, Dussausoy found that of a prism of gun- 
metal, of only 13 French inches high and 3 inches square, the copper varied 
between the extreme lower and upper ends in the ratio of 99-9: 92°9. 

175. From these two distinct modes of segregation of the alloy in vertical 
column, then it is obvious that, the “ head of metal,” above the intended muzzle 
of the gun, plays a very different part in cast-iron and in gun-metal guns ; in 
the former, consolidating and condensing the crystalline mass by pressure only 
of the liquid head, but in the latter case not only doing this, but by extending 
the total length of the column of liquid metal, giving greater uniformity of com- 
position to the segment cut off from the lower end to form the future gun. For 
it is obvious that with fixed limits of variation between the composition of the 
two extreme ends of the vertical column, the longer the column itself is, the 
less will be the total difference between the compositions of the extreme ends of 
any segment cut from it. It will, therefore, be good practice to extend to the 
utmost, in all cases, the “ head of metal” (matelotie), or “ dead head,” above the 
upper part of the gun in the vertical mould. 

176. The more slowly the column of metal cools, the more complete and 
injurious will be the process of segregation in the mass of alloy, and with the 
same methods of moulding, the cooling will be slower in proportion as the 
temperature of the metal poured into the mould is higher. The same general 
conclusion that we arrived at in the case of cast-iron guns applies, therefore, 
here, though for a different reason; the lower the temperature at which the metal 
remains sufficiently fluid perfectly to fill the mould, the better will be the gun when 
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cast; and this must be true, however well or ill founded M. Briche’s opinion 
may be, of the advantage of a previous high temperature in the melting furnace 
to induce perfect combination of the metals. 

177. The more rapidly, then, the mass can be cooled, the better. In the case 
of cast-iron guns we found this to be so likewise, but from the properties of that 
metal we cannot push it far; the case, however, is very different with gun-metal, 
where sudden cooling, as sudden as when the red hot mass is quenched in cold 
water, is attended with this singular and opposite result, that the metal is thereby 
rendered softer, tougher, and more malleable,—a discovery due to M. Darcet, 
and subsequently pursued and experimented on by Dussausoy, the results of 
some of whose researches are given in the following Table, showing the effects 
of this tempering (trempe) or sudden cooling, upon five principal alloys of copper 
and tin, embracing a large range. 


wo. | Gompostion | $80 | Sp.Gr | Mariness | Hariess [uwacrmns 
y Weight. | Tempering. | Tempering. | Tempering. | Tempering. In small pieces. In large pieces. 
vaa} Cu + Sn Before After. | Before. , After. 
1 | 95: 5 7-92 7:39 100 99 80 100 100 75 
2 90:10 8-08 8-00 100 98 66 100 100 78 
3 85:15 8-46 8°35 100 96 48 100 80 100 
oa 80 : 20 8-67 8°52 100 92 50 100 80 100 
5 75 : 25 8:57 8°31 100 91 70 100 100 35 


These results seem to indicate, that within the limits of the gun-metal pro- 
portions, sudden cooling does not injure, and may even increase the tenacity 
(absolute cohesion ), and that probably it diminishes the density and the hardness 
of the alloy. Dussausoy indeed ascertained that the remarkable alloy (Cu; + Sn), 
which is exuded by gun-metals in consolidating, is that which is most im- 
proved by sudden cooling (trempe) ; that its tenacity is thus invariably increased, 
no matter what may be the mass or thickness of the casting. There are 
sufficient grounds for believing that where all the requisite conditions are 
attended to, increased density and tenacity, with homogeneity of composition, 
will result from the rapid cooling of gun-metal, whatever may be the mass of 
the castings. 

178. As, therefore, in the casting of guns we may neutralize a diminution of 
density by increasing the statical pressure of the “ head of metal,” and can in- 
crease the hardness, by the addition of more tin, it seems well worthy of careful 
trial whether a better and much more homogeneous result might not be obtained 
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by abandoning altogether the use of “loam,” or “dry sand,” or any badly con- 
ducting moulds for bronze guns, and casting them in massive moulds formed of 
cast-iron, bored out internally to the exact figure of the gun, with a very small 
allowance for turning externally,—the iron mould being put together in pieces, 
separable not only horizontally into frusta, but vertically in a plane passing 
through the axis, so as to admit of the withdrawal of the gun when cast. Should 
the main object be found gained, of securing a perfectly homogeneous casting, 
without deterioration of the properties of the metal in any way that could not 
be met by suitable variation in its constituents, or in manipulation, then several 
important subsidiary ends would be gained also: such as greatly reduced cost 
and saving of time, and hence, increased production, by rendering needless the 
present system of loam moulding by skilled labour ; absolute identity and per- 
fection of form of the exterior of the gun when cast,—objects very ill attained, 
indeed, under the present methods, even in the best hands; great economy in 
the subsequent processes of finishing the gun, so far as turning its exterior is con- 
cerned; considerable economy in the amountof waste metal now cut off inturning. 

Besides this, the casting in iron moulds would admit of an almost unlimited 
increase of statical pressure upon the head of metal, would facilitate the deli- 
cate process of casting bronze guns hollow, upon slender “ loam cores ;” would 
admit of the fluid metal being introduced into the mould at the bottom instead 
of at the top, with an ease and safety impossible with “loam moulds ;” and lastly, 
would allow of the whole vertical mould and fluid metal within it being given 
a rapid motion of rotation round the axis of the gun during the process of cool- 
ing (if deemed desirable), by which a complete mixture and homogeneity of 
the included metal might be secured during the short interval that would 
elapse between the mould being full and the consolidation of the metal. The 
experience of brass-founders, in connexion with civil works, of late years, has 
largely extended the use of iron moulds, and shown their extreme utility and 
economy; they do not wear out or burn away, and once properly made and 
prepared, stand an almost indefinite number of castings. 

It may be said, however, that if it be also a fact that small portions of oxygen, 
or other gases, are evolved from gun-metal at the moment of consolidation, such 
rapid cooling would result in the entanglement of the air vesicles so produced 
in the mass of the metal, rendering it porous and undurable. 


236 Mr. Mattet on the Physical Conditions 


Tt does not follow that rapid cooling would preclude the escape of such 
vesicles, if evolved, especially if powerfully aided, as they would be, by centri- 
fugal force, bringing them to the centre and portion of the casting longest fluid, 
if the whole mould revolved upon its axis, as proposed: in the case of a gun cast 
solid, depositing such air-vesicles as had not time to escape, in the portion to be 
bored out; and in the case of one cast on a core, bringing them to the internal 
surface of the metal in contact therewith, where a ready escape would be found 
by them. This method of casting would also give great facility to cooling the gun 
by currents of air through the interior of the core, if found desirable, and admit 
again of any required slowness of final cooling after consolidation, should 
such be found to add to tenacity, &c. The author has learned that casting 
bronze guns in iron flasks, lined with thin coatings of clay, was proposed to the 
American Ordnance Department ; he is not aware if it was ever tried, or with 
what results. That proposition, however, is essentially different from the one 
now made, as the author believes, for the first time, of absolute “chill casting” 
in naked and massive iron moulds, and with the additions proposed. 

179. Many experiments have been made by Dussausoy and others, to improve 
gun-metal by the addition of some other third metal in small proportions. Iron, 
zinc, lead, antimony, &c., have been tried, in all cases with disadvantageous 
results. There are metals of one class, however, which have never been tried, 
and whose addition in minute quantity to gun-metal in the melting furnace 
would most probably prove a brilliant exception to those failures—namely, the 
metallic bases of either of the alkalies, potassium or sodium, preferring the 
latter as most manageable, to be had, even now in commerce, at a moderate 
price, and capable of being manufactured, were there a demand for it, at a 
price per ton not much exceeding common zinc. In the author’s Third Report 
on Iron (Trans. Brit. Assoc. for 1843), he has given, some then, new, and 
remarkable facts, as to the action of sodium, in inducing the alloy, of metals 
having little affinity, in rendering more perfect and stable the union of all 
alloys, apparently by rendering the e — und e + metals still more electro- 
negative and positive; and lastly, in promoting union in metallic alloys, by 
instantly removing, all traces of suspended or combined oxides ‘from them on 
its addition, the alkaline metal added, being at once divided into a portion 
which is decomposed by and reduces the suspended oxide, and another which 
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alloys with the metallic mass. The addition, then, of a minute dose of sodium 
to gun-metal while in the melting furnace and in fusion, the sodium being 
added in the state of alloy with a part of the tin, previously made, would afford 
the means of clearing the whole mass of metal instantly, from suspended oxides, 
and reduce it to absolute purity in every case, and in that of the re-melting of 
old guns would overcome all the difficulties experienced by the increased 
mixture of oxides due to the repeated meltings. Less than 0:05 per cent. in old, 
and in newly-made gun-metal perhaps less than one-quarter of that per-centage 
by weight, would be sufficient. 

180. Nor are facts wanting to suggest the likelihood, that this addition, would 
positively improve the physical properties of the gun-metal. Thus Berthier 
(‘‘ Essais par la Voie Seche”) records, having had presented to him a Swiss 
copper, remarkable for its extreme softness, malleability, and ductility. Upon 
analysis it proved to be an alloy consisting of, 


Copper, 2 sss 2. GP OSL2 
Potassium 2. se (Oras 
Calcium. es es ee Ura 
ronan cc ee eee Ola 

100:00 


Berthier justly concludes that these peculiar and valuable properties of the alloy 
are due to the presence of the metallic bases of the alkali and of the lime, 
and suggests the value of producing such an alloy generally, in the fusion of 
copper by the simple means of using a flux of potash and charcoal. If, then, 
such effects result from the alloy of under 0°7 per cent. (taking the calcium and 
potassium together) of alkaline metals, in a copper containing as much iron as 
would alone, certainly make it harsh and brittle, it may be with some confidence 
anticipated that a like, or possibly a better, result would follow in the case of 
gun-metal. Berthier’s proposed method of indirectly forming the alloy is not 
advisable, as not giving sufficient command, that the alkaline metal shall not be 
combined in excess, nor does the inducement of cheapness longer apply. It is 
probable that the gun-metal, to be of equal hardness as now, when thus alloyed, 
would require rather a larger proportion of tin. 
VOL. XXIII. 21 
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May it not be that the well-known superiority and endurance of old Spanish 
cast guns is due not merely to their exclusive use of new metals for every cast- 
ing, but to the existence of a minute proportion in the alloy of the alkaline 
metal, potassium, arising from the Spanish copper being smelted with wood 
fuel, and the foundry meltings performed with the same? Bell-founders are 
of opinion that wood fuel improves their metals, though its use is abandoned 
in England, from motives of economy, in favour of coal, with which all our 
copper is smelted. The well-known and most remarkable ductility, softness, 
and fluidity in fusion of Spanish pig-lead is probably due to the same cause. 

181. The experience of ages has made the casting of bronze guns a matter 
almost of routine ; but the results, as might be expected from the many conditions 
of difficulty thus briefly treated of, are still often uncertain or unmanageable. 
Some old Spanish guns, of large caliber (and the latter are less durable, than 
smaller guns) are stated on good authority to have withstood more than six 
thousand rounds, yet it is not unknown for several guns to be cast at the same 
“ pouring,” from the same furnace, and in the same sandpit, yet some of these 
guns shall stand 1500 or 2000 rounds, and others burst or otherwise give way, 
at or under one-tenth of the number. Though offering, therefore, facilities in 
boring and turning, and the advantage of being little chemically acted on by the 
corroding and deflagrating action of the powder (so that its effect, only becomes 
visible after perhaps 3000 rounds), or by the all-pervading chemical influence 
of air and moisture, gun-metal would be well replaced with the cheaper and 
more resistant wrought-iron, whenever means shall be obtained for working the 
latter into the required forms with facility, and certainty of result. For many 
years past field guns of cast-iron have been in satisfactory use by the Govern- 
ments of Sweden and Denmark, and, it is said, of America. (Note O.) 

182. It was stated in foreign journals, in 1846, that Baron Hackewitz, at 
Berlin, had perfected the means of forming bronze guns, by precipitation of the 
alloying metals together in suitable moulds by the galvano-plastic process ;— 
that the method had been found eminently successful, in escaping (by this, as it 
were, humid gun-founding) all the difficulties of segregation of the metals and 
want of homogeneity incidental to the ordinary methods by fusion ;—that a 
commission, at the head of which was Humboldt, had been appointed by the 
Prussian Ministry of War, to examine and report upon it, and that that Govern- 
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ment had at length purchased the invention for 36,000 thalers. No more has 
been heard in this country of the method, which has, therefore, probably not 
turned out as valuable as at first supposed. Were it not that the adaptation of 
wrought-iron to artillery forms our present horizon of improvement, rather than 
the improved use of bronze, it would seem a research worthy of careful expe- 
riment upon the large scale, how far this process might be advantageous. The 
means of thus precipitating together, in determinate proportions, two or more 
different metals, and the fact that when precipitated they form true alloys, has 
been known several years, and the conditions investigated by Becquerel and 
others. That metals so aggregated in some instances possess great solidity and 
density is certain, it being long well known to copperplate engravers, that the 
copper precipitated locally upon a rolled plate for engraving, is much harder 
and denser than the other parts of the plate, which were obtained by fusion, 
lamination, &c. Metals thus precipitated are, however, always aggregated in 
crystals, which, in accordance with the general law, will have their principal 
axes in the direction of least pressure while forming, which will probably be 
in directions transverse to the electric current. The molecular arrangement of 
the mass will, therefore, be very uniform and simple, and probably very ana- 
logous to that of cast-iron in cast objects; but the mutual coherence of the 
crystals, in the absence of all mechanical pressure upon the mass, may yet be 
very slight ; homogeneity of composition, however, would be almost certainly 
attained. 

183. Amongst the many projects for improved guns recently brought for- 
ward, there has been more than one for lining the interior of cast or of wrought- 
iron guns with gun-metal,—in fact, making a bronze gun, strengthened with iron 
externally. The idea isa very old one (see Note A), but practically valueless. No 
rigid combination of gun-metal and iron can be adopted with permanent success 
for artillery, from the great disparity of expansibility by heat, and of extensi- 
bility by equal strain, between the two metals,—the amount and some effects of 
which have been already discussed, and which in this case is sufficient to tear 
asunder ere long any connexion attempted between the metals. 

184. In the comparative experiments made at Lafere with cast-iron guns 
made in Sweden, Scotland, and France, in 1836, there was good ground for 
believing that an appreciable weakening occurred, of the guns into which copper 
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cylinders had been screwed, through which the vents were bored, as compared 
with guns in which the vents were bored directly out of the solid cast-iron, and 
the evil is attributed to the metal of the gun removed, in addition to that of the 
ordinary vent, to make way for the copper, and to the excess of the expansion of 
the copper above that of the cast-iron, which grips it all round, when both are 
heated by firing, and thus produces a strain upon the gun. It will, how- 
ever, depend upon circumstances whether the gun shall yield to the copper, or 
the latter to the gun, to such an extent, as to make the tension of the gun in- 
appreciable. 


20.—Molecular Constitution of Bronze, or Gun-Metal, in Cannon. 


185. Gun-metal of the finest quality, when freshly broken, presents a beau- 
tifully fine matted fracture, nearly uniform, and of an even gold colour, with a 
few fine specks of brilliant light, uniformly disseminated. These are the facets 
of larger crystals; examined with the microscope, the whole mass is found to 
coysist of extremely minute crystals. 

Though the mass is crystalline, however, it is highly ductile, and unless the 
fracture be produced by a direct tensile strain, applied suddenly as an impact, 
the forms of the crystals are distorted and bent in its production, and the cha- 
racter of the fracture becomes changed and deceptive. 

The size of the crystals is always very small, and their form unpronounced 
when the metal is good ; but very minute changes in the proportions of copper 
and tin, combined probably with some conditions as to fusion, temperature, &c., 
as yet unascertained, occasionally give rise to a large development and singular 
regularity of crystalline structure. 

This, however, is never developed to the extent frequently observed in the 
alloys of copper and zinc, some of which, chiefly those between (2 Cu + Zn) 
and (Cu + 2 Zn), Table x., may, by peculiar treatment, be obtained in crystals, 
as large or larger than those, found even in the hardest crystalline cast-iron 
(Speigeleisen). In such cases the principal axes of the crystals are found 
arranged according to the general law, in the lines of least pressure within the 
mass, on its consolidation. 

186. From the minute size of the crystals of gun-metal, and possibly 
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also from their form, as yet imperfectly determined, it is scarcely possible to 
observe visually, any determinate arrangement of the crystalline axes, in good 
gun-metal, with reference to the contour of the mass; but some experiments 
which have been made abroad as to the relative tenacity of bars of gun-metal, cut 
from the same gun, in two different directions, and broken by transverse strains, 
appear to indicate distinctly that the molecular or crystalline arrangement of 
gun-metal in cannon: develops itself in precisely the same manner as that of 
cast-iron in guns, or generally of all crystalline fusible bodies. Thus, when 
bars of equal section were cut from the gun, in a direction parallel with the axis 
of the piece, and others in directions radial to the axis, or perpendicular to the 
former, and both broken ; the tenacity of the latter exceeded that of the former 
in about the ratio of 30: 25. Ifthe principal axes of the crystals be in the 
lines of least pressure, they must be found arranged radially to the axis of the 
gun; the maximum cohesive resistance of all metals is in the direction of the 
principal axes of the crystals (as, for example, in the line of the fibre or acicular 
crystals of rolled wrought-iron); but in this case we find the greater cohesive 
resistance is in the direction radial to the axis of the gun ; we may, therefore, 
conclude, as the structure is crystalline, that the principal axes are in the same 
direction. 

187. Gun-metal, therefore, comes within our general law as to its molecular 
constitution, but in proportion as the quality of the metal is bad, its substance 
boursougié, and filled with microscopic vesicles of gases liberated in casting or 
cooling, and rendered ununiform by the segregation of anomalous alloys, &c., 
in the same proportion will it be difficult or impossible to observe any normal 
arrangement whatever of its particles. 

188. When bronze guns are burst in proof or service, or broken by the stroke 
of shot, a general and often strongly marked tendency to crystalline arrangement, 
radial to the axis of the piece, may be observed. We cannot, however, rest any 
decisive conclusions upon fractures so produced, inasmuch as the crystalline 
axes are changed, and often abnormally everted, by the action of internal compres- 
sions and extensions, beyond the elastic limits of the material, producing effects 
similar to those hereafter treated of as occurring in wrought-iron, at ordinary 
temperatures, when exposed to blows, or other violent strains or changes of 
external form, beyond the limits of recovery. 
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21.—Steel as a material for Cannon, in relation to its Working Properties. 


189. In addition to what has preceded respecting the resisting powers of 
steel, both absolute and comparative, a few remarks are required as to its other 
properties in relation to our subject. 

Cast-steel is that alone capable of becoming a material for ordnance, as the 
thin bars, alone capable of being obtained by cementation, are, owing to the 
difficulty of welding steel into larger masses, unfit for the large scantlings 
demanded. An apparent exception to this occurs in the Stahleisen of Styria 
and other parts of eastern Europe, which is obtained by a modified process of 
puddling, direct from the pig-iron, and hence at once in large masses. This 
steel was first brought prominently into notice for large constructions, by Herr 
Ignaz v. Mitis, who, in the year 1828, constructed a suspension bridge at Vienna 
of 334 feet span, the chains of which are formed of it. He states (“ Beschreib 
y. die Carlsbrucke, der Ersten Stahls Kettenbrucke, in Wein:” 8vo, Wein, 1827) 
that this steel does not begin to stretch under 47,125 Ibs. = 21 tons per square 
inch, and that he proved the chains of his bridge to 25 tons per inch of section. 

This so-called steel, however, offers no inducement to attempt its use for 
guns ; for, although low in price, obtainable in large masses without welding, 
and named steel correctly, in so far as it possesses the property of being 
“hardened” by sudden cooling, it is in fact, but a fine form of harsh strong 
iron, almost every example of which possesses more or less the same property 
of being thus hardened ; for the finest steel passes by insensible gradations into 
the softest and most ductile wrought-iron, which receives little, if any, appre- 
ciable change in hardness from sudden cooling. 

The resistance to tension of the Styrian steel is little more than double that 
of average wrought-iron, and its extension far less. Its coefficient 7’, is, there- 
fore, much below that of good soft wrought-iron, 

190. Cast-steel, however, being in the course of its manufacture fused, 
although this is usually done in small and separate crucibles, is found capable, by 
dexterous management, of being cast into very large masses of nearly perfect 
solidity, which may be afterwards forged out under the tilt or steam-hammer into 
longer pieces of smaller diameter, with much facility, cast-steel being at a parti- 
cular temperature extremely malleable. (Note P.) This is understood to be the 
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basis of Herr Kruppe’s patent process, the steel, however, being primarily 
obtained by a regulated and skilful puddling, stopped at the proper moment, 
by which he has been enabled to form masses of unusual magnitude, and to 
manufacture articles of various sorts previously not attainable in steel, such as 
tyres for railway wheels, formed of one piece without welding. ‘This steel 
presents no trace of fibre, its fracture seems the same in every direction, and 
its crystals are so minute that the lustrous surface of fracture on a large scale 
seems almost a vitreous one. As for size, he has pushed his manufacture to 
a point leaving nothing to desire, and it is capable of still greater extension. 
The price of the material, however, is high; and the subsequent cost of boring 
and turning necessarily very great. 

191. In its softest state, fine cast-steel is so hard, that the difference in hard- 
ness, between it and the hardest steel tools designed to act upon it is so slight, 
as to involve the necessity of reducing the angle, at which the solid arris of 
all cutting tools meets the point of section, almost to zero—hence but little 
work done, in proportion to the labour expended, and rapid wear of the tool 
by abrasion, which constantly requires fresh grinding to edge. When, there- 
fore, the cost of workmanship is added to that of material—the price of 
steel guns is, weight for weight, perhaps considerably more than that of gun- 
metal. There is also the possibility of cast-steel in guns getting in parts 
hardened accidentally, during the first steps of manufacture, which, if not dis- 
covered until after boring had partly been effected, might not admit of remedy. 
This property of steel, so valuable in most other cases, is a positive disadvan- 
tage to it as a material for guns, affording facilities for their total destruction by 
an enemy, or for their irreparable injury by the common accidents of confla- 
gration and the usual means for its extinction. 

192. One important element of material for an unexceptionable gun is, that 
its toughness should be such as to afford the fewest fragments, and no splinters, 
in case either of the gun bursting or being knocked to pieces by the stroke of 
shot ; this is lost totally in cast-steel, which bursts into very numerous sharp-edged 
irregular fragments with many splinters, almost as a gun of glass might. From 
the extremely small coefficient of extension of cast-steel, the limit in thickness 
of a gun beyond which further increase of metal will be useless, will be sooner 
reached with this than with any other material for ordnance. 
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22.—Molecular Constitution of Wrought-Iron, and the Law of Direction of its 
Crystals or Fibre. 


193. When wrought-iron in any of the usual forms of its manufacture is frac- 
tured, its molecular structure presents itself, more or less distinctly pronounced, 
in one or other of three forms :— 

1°. Its mass consists of minute crystals of nearly uniform size, whose facets 
present themselves at all possible angles, like that of refined 
sugar. 

This “ saccharoid” structure usually belongs to the most highly 
refined iron, and often to hard steely irons, such as those of Swe- 
den. 

The larger bars of Low Moor iron present, perhaps, the finest 
examples of this structure. 

2°. The surface of fracture consists of large, sometimes very large, lamel- 
lar spangles or plates, the facets of crystalline cleavage, whose 
directions tend to general coincidence with the surface of frac- 
ture. The number, size, and direction of these facets vary in the 
same mass with the direction of fracture. This is the structure 
of all large and heavy forgings, or very large rolled bars, in which 
the planes of crystallization tend towards a general perpendicu- 
larity to the surfaces of external contour. This and the former 
structure are often found irregularly united in the same surface 
of fracture in ill-manufactured iron, and, united with the suc- 
ceeding, it is the usual one presented by small common bar-iron. 

3°. The fracture (hard to produce, owing to the greater flexibility of the 
iron than in either of the preceding cases) when effected, pre- 
sents long, parallel fibre, or bacillary crystals, running in the 
direction of the longest dimension of the bar. This is the structure 
of the best and toughest iron, such as that for making chains and 
rivets, good boiler-plates, &c. It is found partially combined 
with the 1st and 2nd in some inferior irons. 

194. We found in cast-iron that the law of arrangement of its crystals is to 
place themselves perpendicularly to the surfaces of the mass. In wrought-iron 
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which is found chiefly in elongated masses, the tendency is upon the whole to place 
themselves parallel to the principal surfaces. It would seem, therefore, at first, 
that the law of aggregation, apparently so opposite, must depend upon totally 
different, conditions; it is, however, essentially the same. Jn wrought, as in 
cast-iron, the principal axes of the crystals, tend to assume the directions of least 
pressure throughout the mass, while exposed to pressure and heat, in progress of 
manufacture. 

195. Let us take the most strictly normal structure, the 8rd; for example a 
round bar of rivet-iron, half an inch in diameter. This has been formed by the 
pressure of the grooved rollers in directions transverse to the axis of the cylin- 
der, pressing it smaller and smaller, and still elongating it from a short thick 
mass, whose original structure, if broken, may have been that of 1 or 2, the 
metal being constantly at a temperature at which it is as soft as lead. Heat is 
evolving the whole time, as in the case of cast-iron in cooling; but the pressures 
produced within the mass are ofa different character, and arise from a different 
cause. In cast-iron they arose from the contractions of the mass in cooling: in 
the wrought-iron bar (relatively small in two of its dimensions, and, therefore, 
little affected at all, by contraction in cooling) the internal pressures are pro- 
duced by the rollers: but their pressures are all in directions perpendicular to 
the length of the bar; or in our round bar in the directions of the radii of the 
cylinder. The direction of least pressure is, therefore, coincident with the length of 
the bar, and this is the direction in which the principal axes of the erystals arrange 
themselves. The same is the case with iron, drawn into wire, where the direc- 
tions of maximum pressure being manifestly in the plane of the “ draw-plate,” 
the aperture in which, presses powerfully round the periphery of the solid 
passing through it, that of least pressure is, as before, parallel to the length of 
the wire; and so are the (fibres or) crystals arranged. 

196. Heat, as increasing malleability and ductility, i. e., intermobility of par- 
ticles, facilitates the arrangement; but as iron is a ductile substance even when 
cold, so heat is not essential to the molecular change in the arrangement of its 
particles; just as in cast-iron we saw that molecular transpositions may continue 
long after the mass has become solid. 

197. This is as strictly in analogy with the observable facts of crystallization 
generally in other bodies (whether simple or compound, ductile or rigid, passing 
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through an intermediate plastic state, or crystallizing per saltum), which crys- 
tallize in bacillary or fasciculated crystals, as were the analogies we found in 
the case of cast-iron. Thus, for example, arragonite, tourmaline, gypsum, 
actinolite, manganese-alum (from Cape Coast Castle), amianthus, &c., &c., are 
all found frequently in embedded, more or less rounded fasciculi, of long, parallel, 
fibrous crystals. When these are examined carefully with a lens, the external 
crystals are always found more or less deformed by the pressure of the external 
embedding matrix, to which they are moulded, though not formed by infiltration 
and gradual filling of a mould. In every such case there are accompanying 
evidences of great pressure in directions perpendicular to the longest dimension 
of the bacillary mass. Thus nearly cylindric pencils of arragonite are found 
so formed in the intensely compressed chalk, overflowed by huge incumbent 
caps of basalt, in the north of Ireland. Similar pencils, though not cylindric, 
of tourmaline, are found in granite;—manganese-alum, and fibrous gypsum, in 
enormously deep beds of clays, which, when soft and plastic, transmitted the 
pressure of their own mass of hundreds of feet in depth, with the fidelity almost 
of a fluid;—amianthus in serpentines, whose configurations prove the former 
play of enormous pressures, through plastic masses since become solid and rigid ; 
and the instances might be greatly multiplied (Note E). 

Two of the examples given, arragonite and gypsum, present the remarkable 
identity that they are found both in the arrangement of the crystals of cast-iron, 
with their principal axes perpendicular to the bounding planes, and in that 
parallel to them, as now described, for wrought-iron; in each case the arrange- 
ment having followed the lines of least pressure, however produced, provided 
it were coincident in time with such other conditions, whether of ductility, 
plasticity, fusion, or liquidity by solution, as admitted of molecular transfer and 
re-arrangement. 

198. Returning now to the wrought-iron rolled bar; while its diameter con- 
tinues small or moderate, although in the progress of its cooling internal strains 
and variable pressures are induced by contraction, still, as almost any apprecia- 
ble contraction is confined to the one direction, that of the bar’s length, so these 
new internal pressures are inoperative in producing any distinct changes in the 
disposition given to the (fibre or) crystals in rolling. Not so, however, if the 
bar, in place of being of small diameter, be very thick in proportion to its length, 
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and its mass great in proportion to the pressure brought upon it by the rollers. 
The operation of rolling is then less effective in the first instance, to induce, by 
its pressure, a general and uniform parallel arrangement in length of the prin- 
cipal axes of the crystals; some remain in other directions to the bar’s length, 
as they were developed in the previous heating or other process of manufac- 
ture. The bar, however, is now let to cool; fresh internal pressures now become 
developed by contractions within its mass; the cooling goes on much more 
slowly, for the mass is much greater in proportion to its surface than in the 
long slender bar, and hence there is time for the new play of forces to act in 
re-arranging the crystals. The heat is carried off most rapidly from the greatest 
surfaces of the solid, but these are the sides of the bar; the contraction is 
greatest in the direction of its length; the maximum pressure due to contrac- 
tion, therefore, coincides with the length of the bar, and more or less of the 
crystals arrange themselves now transverse to the length of the bar, in the direc- 
tions of least pressure. 

199. Whether the crystals of iron expand and contract, by change of tempera- _ 
ture, alike in all axes, is not known as yet; if not, and that the principal axes are 
those of greatest expansion and contraction, then, as the longitudinal contraction 
of the whole bar is proportionally greater than that in either of its other dimen- 
sions, so the previous longitudinal arrangement of the crystals, in so far as 
rolling has been operative in producing it, now increases the tendency to the 
secondary re-arrangement of the crystals, transverse to their former position. 
The small slender bar, which cooled almost instantly and at once, fixed the 
crystals in the longitudinal position they had assumed under the pressure of the 
rollers; length of time in cooling admits of the re-arrangement in the heavy thick 
bar, aided by the softened condition of the mass, as it passes gradually from a 
yellow heat to coldness. 

200. Thus, then, as the mass, the relation of this to form, and hence to sur- 
face, and of all, to the pressure transmitted to the iron in rolling, and to those 
induced subsequently by contraction in cooling, are varied, so will the main 
directions of crystalline arrangement be in each particular instance, which may 
be either total and complete, as in the case of the slender bar, or partial and 
imperfect, as in the grosser bar. 

201. But the evidences of any arrangement, also depend upon the extent 
to which the individual crystals in any particular “make” of wrought-iron are 
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susceptible of development in size. In the case of very highly refined iron (in 
the language of the iron-master, “ over-wrought” iron, in which there has been 
no “cinder” left), with all its carbon perfectly combined, and thus approaching 
to steel, the crystals are so minute, often so perfectly microscopic, that in large 
bars no other than the uniform “saccharoid” structure is discernible, though 
the “fibrous” becomes perfectly developed in very small ones. This is the 
case with the fine Low Moor iron, which, in rolled bars of 25 inches in dia- 
meter and upwards, presents a fracture almost identical with that of cast-steel, 
but in rivet rods, a fine fibrous one. 

202. I have used the term “ fibre” as being already long in use, and con- 
veying well the character of this particular form of crystallization to the eye; 
but it should be clearly understood that the “ fibre” of the toughest and best 
iron is nothing more than the crystalline arrangement of inorganic matter, and - 
that the false analogies continually used, in which such fibre is spoken of and 
reasoned upon, as if identical with that of organic bodies, such as wood, hemp, 
&c., have no reality or basis in nature, and only tend to mislead (Note E). 

The principles upon which the development in size of individual crystal 
depends, however, will be best understood when we have considered the— 


23.—Ejfects on Wrought-Iron of Forging into great Masses. 


203. In rolled bars, which we have hitherto treated of, the pressure of the 
rolls unaccompanied by impact, though conveyed only to the one point of the bar 
at a time, is in succession, and with great uniformity, applied to every part of 
its length. Moreover, the intensity of the pressure upon the unit of surface, 
or in relation to the section of the bar, steadily increases as the latter diminishes 
in size or cross section at each successive passage through the rolls. 

204. A very different set of conditions occur, however, in a forged bar or 
mass. The wholeof the pressures noware due to impacts, suddenly applied to local 
points of the surface, and thence unequally transmitted through the ductile, or par- 
tially ductile heated metal to its interior. The pressure at the surface, due to any 
blow measured for the time of the hammer’s descent through the space through 
which the surface before the blow has descended, is rapidly lost in transmission 
within the mass, by inertia, and by the corpuscular forces of whatever sort that 
the substance of the heated iron opposes to change of form. Blow follows blow 
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in continually changing directions, and on various portions of the mass; the 
directions of maximum pressure within it, as constantly change, as do the inten- 
sities of these pressures, not only in depth, but as transferred from point to 
point struck. The elasticity of the metal (though, no doubt, of a different sort, 
from its elasticity of rigidity when cold) still exists, but in different parts of the 
mass, is kept during the hammering, and perhaps for long after, in a state of vari- 
able instability. 

The lines of least pressure, therefore, are constantly changing under all these 
varying causes, and with them the directions of the principal axes of the crys- 
tals, become changed and changed again, perturbed, broken, and confused ; and 
if the mass be sufficiently large when cold, and its forging completed, its fracture, 
however fine and good the wrought-iron, presents nothing but a confused mass 
of small crystalline facets, differing scarcely at all, except in brightness, from 
the appearance of that of bright-gray cast-iron, in moderately large castings. 

205. Yet no change, other than that of molecular arrangement, has necessarily 
occurred in the large mass, for it is a fact, that such a confusedly crystallized 
mass may be built and “ faggotted up” from small rolled bars, each of which is 
previously perfectly and uniformly fibrous; that they lose their fibrous struc- 
ture, and assume the confusedly crystalline one in the process of being united 
by forging into one large mass, and that a portion broken or cut off from the 
mass may be again rolled down into small bars, which shall be as fibrous in 
structure as at first. 

206. The difference of ultimate tenacity, however, due to this mere charge 
of molecular arrangement, is formidable. If the original bars of the “ faggot” 
have a tenacity represented by 46, that of an equal section cut from the “ faggot” 
will be only 38 ; and it will mount again up to 52 in the small bars rolled or 
forged down out of the faggot. Such were the results of actual experiments 
in America (Note Q). 

207. The development in size of crystal varies with the particular sort of 
iron: it appears to be largest and most lamellar (in large masses) in the most 
highly refined iron,and which contains an unusual dose of silicium ; but the rela- 
tions of size of crystal to chemical constitution require much further examination. 
Wohler, in a most interesting paper, “ Sur la Crystallization du Fer” (Ann. de 
them. t. li. p. 206), describes cubic crystals with perfect faces as large as an 
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inch on the side, which he was able to detach from the interior of a bar of 
wrought-iron which had long been at a white heat in an iron-smelting furnace, 
and which were cleavable into smaller cubes and rectangular tables. They 
contained about 24 per cent. of silicium. 

208. With the same iron, and same volume of forging, however, the size of 
crystal appears to be developed larger in proportion to the time that the mass is 
maintained hot, and in process of forging. This time is necessarily greater, as the 
mass is so, and as the operations of reducing it to required form, are more complex 
or laborious. In fact, as in cast-iron we saw that the crystals were larger, the 
longer the mass required to cool,—so in wrought-iron, they are larger, the longer 
it is kept hot. And thus it happens that in very large and massive forgings, 
requiring often to be maintained, perhaps for weeks, at temperatures, varying 
from awelding heat down to dull redness, crystals are developed within the mass, 
of asize materially to diminish, in some places, the average cohesion of the iron, 
where their planes of cleavage produce partial “ planes of weakness.” The size of 
these crystals is occasionally surprising,—the broadest and flattest planes of 
cleavage frequently running in the directions in which surfaces of the integrant 
“slabs” or portions of iron, of which the mass has been formed, have been 
welded together. The author has observed crystals so posited, presenting flat 
planes, as large as the surface of a half-crown piece, in forgings under seven 
tons weight. 

209. Foreign charcoal-made iron, such as the Swedish, does not offer any ad- 
vantage for ordnance over the best manufactured British wrought-iron. On the 
contrary, Swedish iron, though strong and harsh, is most uneven and unequal 
in quality, both as to strength and extensibility,—the same bar often presenting 
various forms of fracture, at different points, or even united at every point, which 
indeed must be expected, from the rude and imperfect mode of refining adopted 
with it. The Low Moor iron, which, like the Bowling, is well known as one 
of the finest makes in Great Britain, has been stated by Dr. Schafhaeutl (Phil. 
Mag. vol. xvi.) to contain arsenic in appreciable quantity, indeed, nearly 1 per 
cent. Iam not aware if this curious circumstance has been verified as a general 
fact by any other chemist. It is certainly unusual, and it would be interesting 
to ascertain if it have any necessary connexion with the remarkable ductility 
of the iron. 
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210. A very large quantity of wrought-iron is made in North America with 
charcoal and with anthracite,—a fuel almost as perfectly free from sulphur ; 
but the following results of trials of ultimate strength, by the Commission of 
the Franklin Institute, do not indicate that superiority, which has been so boldly 
asserted in certain quarters in England, of foreign iron, “ which has never been 
exposed to the deteriorating influence of sulphur,” over British “ makes.” 


Experiments on the Relative Strength of American and other Wrought-Iron. 
Mean Breaking Weight 


Make. per square inch. 
Ibs. 
Missouri bars, . . . . . . 47909 
Slit rods for nails, . . . . 650000 
Tennessee; /) .. Vo ste s.4 oh er vom 2099 
Salisbury, Con. . . . . . 58009 
Center Co., Pa. ee st aes OL00) 
Lancaster Co.,Pa.. . . . . 58661 
English bariron, . . . . . 59105 
Swedish bar, ... +. . 58184 
Russian bar, . . . - . + 76069, low steel, in fact. 
Castistecls. soso un 6 LBUOST 


These remarks, with those of sect. 66, are sufficient to show that we need 
not go out of England for wrought-iron for ordnance, any more than for cast- 
iron, if we only take the requisite measures to make the supply of suitable 
materials worth the iron-masters’ attention. 


24.—Relation of Elasticity to the Crystalline Aais. 


211. Some experiments of Mr. Fairbairn’s, on the relative ultimate resist- 
ance to rupture of boiler-plates, when strained in the direction of their fibre, i. e. 
in the direction in which they were rolled, and transversely to the same, have 
induced him to come to the conclusion that there is little, if any, difference. 

If the iron of the plates be so very harsh, rigid, and of bad quality, as to 
have no (fibre) longitudinal crystalline arrangement, but approach nearly to that 
of a slab of cast-iron,—this may perhaps be nearly true, but in plates or bars 
of good quality it is certainly erroneous. The few experiments (twenty in all) 
upon which Mr. Fairbairn’s conclusion rests, even will not warrant it, if one 
result contrary to all the others, and so exceptional as to suggest the probability 
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of an error, be abstracted from the average deduced from the remainder; and 
it seems wholly disproved by the experiments of Mr. Edwin Clarke (Britan. 
Bridge, vol. i. p. 877), and by those of Navier (“ Applic. de la Mecanique,” 
t. i. p. 30). The former gentleman, Mr. E. Clarke, whose experiments are by 
much the most important we possess, inasmuch as he alone has attended to the 
relative extension of the iron in either direction, found that bars cut longitudi- 
nally and transversely from the same plate of fine fibrous iron of excellent 
quality, were broken by strains per square inch of section of— 


Tons. Tons. 
Tn the direction of the fibre,. . 19°66 to 20-2 
Across the fibre. . . . . - 16:93 to 16:7 


—and that the ultimate extension of the plate in the line of the fibre was double 
as great as transverse to it. The latter, from the mean of ten experiments, found 
the ultimate strength in the line of the lamination and fibre, to that transverse 
to the same, in the ratio of 40°8 : 36:4; the iron being of a stiffness, that it began 
to extend sensibly under from $ to 2 the strain of rupture. 

The explanation offered by Mr. Fairbairn, that the difference may be owing 
to better modes of “ piling the rough bars,” i. e., crossing them, before rolling, 
cannot affect the question. The principles here enunciated, upon which the 
final direction of the fibre depends, as well as the facts known to every iron- 
master who rolls boiler-plate, assure us, that no matter how the rough bars are 
crossed or piled, the fibre of the rolled plate, if of well-manufactured iron, is 
uniformly in the direction of lamination. And, were it otherwise, Mr. Fair- 
bairn’s experiments would be wholly inconclusive, as having been made on 
iron, confessedly not having a distinctly longitudinal fibre, and, therefore, unfit 
for the proposed inquiry. 

212. Taking the means of Mr. E. Clarke’s experiments, then, at 20 tons 
longitudinal, and 17 tons transverse, the value of the coefficient 7’, in each case 
will be— 

In the line of fibre, = 234:84 
Across the fibre, = 30°47 


—taking the total extension = 0016 in the first, and half that in the second. 
We find, therefore, that the elastic range of wrought-iron, of any given quality, 
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depends upon the direction of the crystalline axes in relation to the strain, and that 
the elasticity is amaximum, in the direction of the principal axis of the crystals, or 
line of fibre; and the important deduction arises, that for artillery purposes, the 
ultimate strength of a gun, in which the explosive strains are all resisted by wrought- 
tron acting in the line of fibre, is to that of one acting transversely to the same, as 
234-80 to 30°47, or about 74 to 1. This ratio expresses, in fact, the relative 
strength of a “twist barrel,” and of a common “skelp welded” or longitu- 
dinally welded one; and more than the whole advantage of this difference is 
sacrificed and lost in massive forgings. 


25.—Efects of Forging into large Masses, on the useful qualities of Wrought-Iron. 


213. We have found that the effect of large increase in the mass, of wrought- 
iron, in connexion with its necessary or existing modes of manufacture, is to 
prevent by the process any regular or uniform arrangement of its integral crys- 
tals ;—that as such masses are necessarily continued long heated while forging, 
occupy long in cooling, and contract considerably in all their dimensions in 
cooling, so the crystals are developed to a large size, and become arranged, to 
a greater or less extent, in directions transverse to the surfaces of external 
contour of the mass. 

The results are irregular “planes of weakness ;” reduction of ultimate 
strength, to resist a quietly and steadily applied tensile force of from 20 to 17, 
or in very large masses of from 5 to 4 in round numbers, and reduction of re- 
sisting power to such impulsive forces as are concerned with artillery, in the ratio 
of from 7} to 1, or probably even more; for a train of difficulties are introduced 
in the manufacture, and of injuries done to the chemical qualities of the material, 
in proportion as we continue to increase the magnitude of the mass to be forged. 

214. When the mass exceeds a very moderate bulk (in breadth and thick- 
ness), the processes of rolling, &c., are at an end,—those of forging by the tilt or 
steam-hammer alone are available. Skilled labour, and all the mishaps to which 
the results of the most adroit workmanship are exposed, in dealing with the heat- 
ing and hammering of vast and scarce manageable masses, are inevitable. The 
mass must be gradually built up and aggrandized in size, by continual welding 
on to it, of small pieces, involving reiterated heating and partial cooling ; expo- 
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sure for weeks, perhaps, to a temperature at which the exterior of the mass 
gets changed more or less in chemical constitution, and at each welding the risk 
of inclusion of more or less slag, cinder, or other foreign matter. (Note R.) 

At every additional piece thus laid on by welding, an additional doubt is 
produced, as to whether or not the weld be sound throughout,—no examination 
at the time can with certainty decide this. The mass, however, grows continually 
in bulk and weight; the inertia of the hammer (large and powerful as this has 
become through the intervention of the direct action of steam) becomes reduced 
in relation to that of the mass in the same ratio; the blow no longer acts with 
uniformity upon the mass submitted to it, but is nearly confined in effect to the 
immediate point struck. The mass, if very large, and especially if also long, can- 
not be all maintained hot, between the portions at a welding heat and those 
nearly cold, there are others at every temperature, and a large proportion at a 
“ low dull red,” a heat at which all wrought-iron is more or less crumbly and 
brittle. The jar and shattering vibration of every blow, as it thunders down 
upon the huge piece, is transferred to the crystalline particles of these colder or 
quite cold portions, and probably produces at length some considerable altera- 
tion of molecular arrangement, in deterioration of strength, and often, before 
completion, actually shakes the mass in two, at some point or other. 

215. At length the limit is found, when, with our present known modes of 
working wrought-iron (even with the heaviest and best appliances), we can no 
longer add to its size. The limit is reached, by the failure of power to heat the 
mass, or the required part of it, to the welding heat. The time required for the 
piece to remain in the furnace to effect this, continually increases as its bulk grows, 
and with it, the sources through which heat is lost and dissipated ; but a certain 
proportion of iron is burned away, or melted off from the surface at the part 
requiring to be brought to welding heat, and from the adjacent portions at every 
moment that it remains in the furnace, at last, as much in weight is burned off, 
and lost at each welding, as equals the weight of the “slab” or mass laid on, and 
the labour is then in vain; the work, like that of the embroidery of Pene- 
lope, becomes an endless task, and the limit has been reached, beyond which 
the piece can be forged no bigger. 

The point at which this limit is reached, can be stretched a good deal by the 
extreme skill of the operative forgeman, and the skilful construction of his 
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furnace ; but, however great these may be, the limit is at length reached by all; 
and with our existing tools in Great Britain is probably reached in every case, 
at a diameter (of a cylindrical mass) of about 4 feet, and about 20 feet in 
length, 

216. To the unpractised, though perhaps scientific observer, who looks at one 
of those ponderous masses withdrawn from the furnace, glowing like a sun, and 
observes the apparently little effect that the thundering blows dealt by the steam- 
hammer produce upon it, it always seems, that nothing more is demanded than 
great increase of weight and length of stroke, or increased power in the hammer. 
This, however, is a mistake: good forging, in heavy masses, depends not so much 
upon the force of the blow, as upon its exact direction, and its application at the 
precise moment when the welding metal is fit to receive it. The only effect of 
great increase in the power, and especially in the velocity of the blow, is to shatter 
and dislocate the internal or adjacent portions of the mass, which are at or about 
a low (cherry red) heat, at which temperature the best wrought-iron appears 
to lose much of its plasticity of heat, and be comparatively crumbly and brittle. 
In fact, with existing hammers of 5 tons weight, and 6 foot blow, this effect is 
very frequently actually produced. 

217. On masses of very large diameter, the effect of the heavy blow of the 
steam-hammer is frequently to produce a singular form of internal hollowness 
and unsoundness, at or near the centre of the mass, where perfect soundness may 
have existed in an early stage of the forging. The shock of each blow received 
at the surface, and the reaction to which is the inertia of the more or less softened 
mass in an exact opposite direction, gradually condenses the iron towards the 
circumference, by drawing it away from the centre, where large cracks open with 
rough torn opposing surfaces, and form irregular cavities. Sudden changes of 
dimension, as when large projecting “ collars” are forged down to a “shoulder,” 
produce the like effect from like causes. The mass is generally unsound 
towards the centre within the larger part of the mass. The effect may be 
illustrated, and is of the same sort in fact, as though a barrel nearly full of 
bullets were slowly turned on its axis and heavily struck at successive points 
all round its exterior ; the bullets, at each blow, would all tend to jerk towards 
the point struck, with energy proportioned to their nearness to the blow, and, 
if by any means kept in the positions respectively assumed after each blow, 
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would at length be found ranged round the interior circumference of the barrel, 
leaving an empty cavity in the middle, in the line of the axis. 

218. If we are to seek for future great extensions of our power, of producing 
vast masses of malleable iron (for whatever purposes) that shall give greater 
assurance of internal soundness, and preserve in the large all the qualities of uni- 
form and determinate disposition of fibre,—in a word, all the valuable qualities of 
the best wrought-iron, as now known in small bars,—it must be by some vast 
extensions or modifications of the rolling process, accompanied by such improve- 
ments in the furnaces and modes of heating, as shall enable the largest masses of 
prismatic forms, to be produced out of more slender rolled bars, laid or “ fag- 
goted,” and heated together, and at one welding operation, rolled (or otherwise 
pressed in the same constant direction at successive points) into one gigantic bar 
which, for artillery, might be then twisted by suitable machinery, such as that 
patented by Melling. Tothe subsequent operations of bending, cutting, or shaping 
such prismatic masses, however, so as to fit them, on a large scale, for the many 
general purposes, to which forged pieces or “uses,” as they are called, are now 
applied, narrow limits of practical disadvantage and difficulty can be foreseen ; 
and as regards the fabrication of artillery, it scarcely admits of doubt, that the 
limit of useful size has been already far surpassed, and that it is to a skilful and 
judicious combination of parts, each formed of malleable iron of moderate and 
manageable dimensions, rather than to forging in one huge piece, that we should 
look for the production of guns of the largest class in this material. We shall 
return to the consideration of the best modes of attempting this hereafter. 


26.—Change of Crystalline Axis in Wrought-Iron, Cold. 


219. Much has been loosely written of late years, on the supposed “loss of 
fibre,” and change to a confusedly crystalline structure, in wrought-iron, by the 
mere effects of long-continued jarring or vibration, or very slight bending to and 
fro at ordinary temperatures,—many affirming stoutly the fact, but without 
bringing forward any instance or experiment that amounts to proof, and others 
denying it, asserting in explanation, that in the instances adduced the “ crystal- 
lized iron was never fibrous,” and which very probably has been the fact in 
most of the cases adduced. 
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220. The subject is one requiring, for its being completely understood, a 
very cautious and difficult research, but one worthy of being at once made. 
The following conclusions from existing knowledge may, however, be provi- 
sionally offered as probably not far from correct :— 

1°. There seems no reason to believe that any moderate extension or 
compression, and, therefore, no moderate flexures, however long 
continued or often repeated, produce any molecular change what- 
ever in wrought-iron, provided that— 
a. The range of extension or compression be far within the elastic 
limits. 
6. That the velocity with which the extension or compression is made 
be not extremely great, i. e. not approaching to or beyond the 
“pulse period,” due to the elasticity of the material (134). 
2°. Nor any reason to suppose that jarring or vibration, unless accom- 
panied by some permanent change of form in the mass, is capable 
of affecting any molecular change whatever, provided that the 
material shall have been previously in a state of molecular repose, 
i.e. free from internal strains, due to form, contraction in cooling, 
&e. 

Nor is it probable that abrasion alone, such as the grinding 
away of the bearings of railway axles, or the scoring and rifling 
of the chase of a wrought-iron gun by the passage of the shot, 
produces any molecular change, but— 

3°. It does appear certain from many well-observed phenomena, that in- 
stantaneous changes of molecular structure, and reversals or trans- 
position of the crystalline axes, can be produced in wrought-iron 
at ordinary temperature, by the violent application of mechanical . 
force, producing suddenly change of form at one or more points 
of the surface of the mass, provided the directions of the force 
and the extent of change of form, be such as to produce internal 
strains and inequalities of pressure, and that the extent of these 
latter is greater in any one direction than the resistances due to the 
elasticity and its range in the material. 
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221. It would be foreign to our immediate end to pursue this subject here 
at any great length, however interesting and important, and with one familiar 
instance we must dismiss it. 

The well-known operation by which a blacksmith breaks, cold, over his 
anvil, a bar of the toughest iron that can be had, and whose fibre is all longi- 
tudinal, consists in “nicking” one or both opposite sides of the bar, at the 
required point of its length, to a very small depth with a chisel having an edge 
formed to a very obtuse angle, generally about 90°, and driven into the sub- 
stance of the bar, by blows from a sledge with great velocity. When this is 
done, a bar of moderate size, so tough and fibrous that at every other place it 
is capable of being bent sharply double without fracture, may be broken across 
at the “nicked” place, often by bending over one’s knee; always by a few light 
blows transversely on the anvil. 

When the fracture is exposed, the iron is found at the “ nick” to be short 
and crystalline ; the crystals are on the whole arranged transversely to the bar's 
length. Their facets are largest and most transverse, just at the sinus of the 
angle of the nick, and either no sign of the longitudinal fibre constituting the 
structure of every other part of the bar is visible, or occasionally some portion 
of the section at the side or part most remote from the nick, or in the centre 
between both, is still visible. 

Now what happens in this is rendered obvious by the following diagram 
(Plate v1.), in which Fig. 1 represents the side of such a bar at the nicked 
place, and the change of direction there of the crystalline axes. But, what 
internal forces have acted on them to produce this ? 

Looking at Fig. 2, it will be seen that the driving the edge of the wedge- 
shaped chisel into the substance of the bar has produced compressions, whose 
pressures are propagated in directions perpendicular to the faces of the wedge 
or of the nick that is the express copy of it. These pressures, in the directions 
co, co’, are resisted, and finally equilibrated by the elastic compression of 
the longitudinal crystals in the directions of their principal axes, namely, fo, /’o' ; 
and the resultants of these mutual pressures meet in the substance of the bar, in 
the directions or, o'r’, which are those of maximum internal strain ; but in the 
space between these, cd, approaching the angle of the nick, and perpendicular to 
these resultants, are the lines of minimum pressure. Now these are the new 
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directions that the principal axes of the crystals assume at the moment that these 
pressures disturb their previous equilibrium, that is to say, at the moment of 
making the nick. 

Fig. 3 shows the further change in crystalline arrangement after that 

*assumed by the bar, as above described, due to the “ nick,” and subsequently 
produced by the bending, prior to final fracture. 

Supposing the bar bent by pressure, or blows, towards the side remote from 
the nick, as soon as the fracture is complete, it presents a surface, as in Fig. 5, 
consisting of facetted crystals, piercing the bar transversely from the angle of the 
nick to a certain depth; a central portion where the original longitudinal fibre 
of the bar has remained unchanged, but is broken across; and again, a narrow 
strip of flat facetted crystals transverse to the line of fibre, at the side furthest 
from the nick. 

Now these latter, were produced by the bending of the bar, after the nick 
had produced the former. The side furthest from the nick is the compressed 
side of the bar, the neutral axis being somewhere between. The direction of least 
pressure at this compressed side is, therefore, transverse to the bar, and hence 
the new direction taken up by the crystals at this point, in accordance with the 
general law. Had the bar been bent towards the side nicked, in place of the 
opposite way, the nicked side, would have been the compressed side, where the 
transverse crystals were already formed, and the fracture, when broken across, 
would have been fibrous out to the very edge, remote from the nick (provided 
the whole bar had been uniformly fibrous beforehand, and nicked only at one 
side), as shown in Fig. 4; and for this reason the bar would have been harder 
to break in this direction, as every blacksmith knows to be the fact. 

222. Thus, then, this change of crystalline arrangement at ordinary tempera- 
tures is another case of obedience to our general crystalline law, that the principal 
axes are found in the directions of least pressure within the mass, and that the 
change of direction is possible to be produced in “cold iron” is due to the fact, 
of its having more or less ductility at all temperatures, which means in fact 
that more or less permanent displacement of molecules is competent to the 
material at any temperature. There is, therefore, no ground for anticipating 
that wrought-iron artillery would rapidly or at all (if originally properly pro- 
portioned) deteriorate in tenacity, and so, gradually, and yet unascertainably, 
become unsafe in service. 
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223. A good deal of information on this subject occurs in Mr. Hood's Paper, 
on the “Changes of Internal Structure of Iron” (Pr. Ins. Civ. Eng., vol. ii. p. 180). 
He attributes the changes which he describes to the conjoint action of “ percus- 
sion, heat, and magnetism,” but without any distinct views or attempt at a 


united theory. He suggests no solution of the way, nor fixes any limits within= - 


which percussion acts; and the conjoint action of heat, and especially of 
“ magnetism,” appear perfectly gratuitous ;—words without a physical idea. 

224. Mr. Thorneycroft, also, in a paper on the same subject (Pr. Ins. Civ. 
Eng., vol. ix. p. 295), has collected some interesting facts, though his state- 
ments seem rather warped by certain preconceived views. 

225. In no paper, however, that the author has seen, is any attempt made to 
connect all the phenomena of change of crystalline structure in iron at all tem- 
peratures, with the action of some one recognisable force, such as that which 
he believes to constitute the true solution and key to all the varied and complex 
facts noticeable, and which he considers he has been the first to enunciate, 
namely, the arrangement of the principal axes of the crystals m the lines of 
minimum pressure within the mass. 


27.—Effects of the Variable Rapidity of the Blow or of the Velocity of appli- 
cation of the Rupturing Strain, upon the character of Fracture of the same 
Wrought-Lron. 


226. It has been stated (section 113), that under the rapid stroke of cannon- 
shot, the longest and most fibrous wrought-iron breaks short and crystalline, 
like cast-iron. 

About 1842, a number of experiments was made at Woolwich, under the 
direction of General Dundas, upon the effects of 32 lbs. shot, fired at short 
distances and at various velocities against wrought-iron targets variously pre- 
pared to represent sections of the sides of iron ships. 

These experiments were generally understood at the time, to have been urged 
upon Government by certain promoters of iron ship-building, in the expecta- 
tion that the results would signally establish the superiority of iron over timber 
as material for ships of war—a notion obviously founded on the tentative know- 
ledge of merely practical men of the resistance of tough iron to a slowly acting 
detrusive force, such as that of a punching press, and not upon any just physical 
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conceptions. The results, however, of the experiments (at which the author 
was present), very rapidly dispelled all ignorance of the subject, and fully 
justified the conclusion, come to by Government, that plate-iron ships, as then 
(and still) constructed, are unsuited to the purposes of war whenever they may 
be exposed to shot. At low velocities, the laceration of the rivetted seams, and 
utter dislocation of the bolts connecting the opposite sides of the double-plated 
targets, was conclusive as to the fate of an iron ship (although prepared with 
12 inches thick of India-rubber and cork lining), if exposed to a few rounds of 
large shot, fired at a very moderate velocity. In a scientific point of view, 
however, the most remarkable and important phenomena were elicited by the 
effects upon the plates of the shot fired with full service charges, and having a 
velocity probably not much under 2000 feet per second. 

The effect on the plates, which were about half-inch thick, and of fine tough 
iron of the best quality, was to strike out an almost perfectly circular hole, a 
little larger in diameter than the shot, with scarcely any burr or bending of the 
edges, which were broken off sharp and square, and presented all round a large, 
well-defined, crystalline fracture, the planes or facets of the crystals very gene- 
rally being disposed tangentially to the circumference, and perpendicularly to 
the plane of the plate. The piece struck out was shivered into fragments, 
seldom having a surface of above three or four square inches each, and all 
whose edges also were sharp, square, and crystalline, with the greater number 
of the planes of crystallization nearly parallel to the lines of fracture. The 
temperature of the pieces struck out and the iron around the aperture was 
raised, by the sudden rupture and change of form, from that of the atmosphere, 
to one so hot, that the fragments, when picked up at the butt, after having flown 
about 150 yards through the air, could not be handled with the naked hand, 
and in several cases the heat was sufficient to “ blue” the surface of fresh metallic 
fracture. 

227. Whence did this arise? Why should the velocity of the blow change 
the nature of the fracture of the broken body ?—for there can be no doubt that 
any one of those plates broken by bending slowly backwards and forwards, or by 
striking over an anvil with the moderate velocity of a common sledge-hammer, 
would have been with great difficulty. broken at all, and would at length have 
presented a long and irregularly fibrous or very partially crystalline fracture. 
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The fact has been long known to workers in iron, that no iron, however 
good and fibrous, will bear being bent double by the hammer, under blows 
exceeding a certain amount of velocity, known by tact and experience; and that 
by adroit management, in regulating the slowness with which the iron is so 
bended double, a very inferior fragile iron may be made to simulate, to an 
unpractised observer, all the external appearance, when bent, of the toughest; 
that, in fact, the rate at which iron can be bent double (cold, of course), is 
greater in proportion to its original toughness; but no explanation has ever 
been offered as to the cause; and as bad and fragile iron is always more or less 
confusedly crystalline in fracture, no observations were made as to any change 
in its character, dependent upon the rapidity of the strokes or other forces 
applied to bend it. 

228. One part of the phenomena, however, viz., the relation between the 
toughness and the possible rapidity of bending without fracture, admitted of 
solution on well-known principles. If we gently apply the force of the hand trans- 
versely to a stick of cold sealing-wax, and continue the pressure long enough, we 
shall be able to bend it double. If we leave a lump of cold pitch, upon a flat plate, 
it slowly changes form and assumes that due to a viscous and imperfect fluid; 
but if we let the same stick of sealing-wax, drop from the hand upon a marble 
floor, or if we throw the lump of pitch against a wall, both are shattered into 
fragments, which alike break with a vitreous or resinous fracture. Nor is this 
confined to bodies possessing the great ductility and flexibility of pitch or 
shell-lac; for, going to the other extreme of rigidity, we find that even glass, 
proverbially brittle under the slightest shock, slowly yields and changes its 
form under a constantly applied force, so that the bulbs of very old thermo- 
meters, exposed for many years to the pressure of the atmosphere, less that of 
the included column of quicksilver, become diminished in capacity, as proved 
by the permanent elevation of the zero of the scale of those made by Sanctorio 
himself; or, again, that the marble slabs of our ancient mantel-pieces, exposed 
for years to the constant transverse strain of their own weight, and more 
expanded on their lower than on their upper sides by the radiating heat of the 
fire beneath them,—gradually sink down, and become permanently curved, the 
versed sine often reaching in this rigid material 51, of the length. 

229. In the case of slowly applied pressure the effect upon the material is 
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measured by the pressure P simply, and the limit of its equilibrium is established 
by the ultimate strength of the body only; but when the pressure is applied 
rapidly, or with velocity, its effect is measured by the square of the velocity, 
Pv’, and equilibrium depends upon the range of elastic compressibility or 
extensibility of the body, and, as long since explained by Dr. Young, upon its 
modulus of force transmission; for if the velocity of impulsion, be to that of 
force transmission, in a greater ratio than the coefficient of final compression or 
extension at rupture, due to the material, bears to the length or depth of the 
body compressed or extended, destruction of continuity must occur, since the 
body is broken in successive infinitely thin couches, the time not being suf- 
ficient to admit of the transmission of the force from the first point of contact, 
beyond it to other or distant parts of the mass. 

So that if u be the modulus of force transmission (sect. 134), and @ that of 


final extension or compression at rupture, = V, the velocity that shall insure 


fracture; and as V?= 2gh, the vis viva required for fracture is, 


(s) mP: (56) 


230. Thus, for wrought-iron we may assume the modulus of force transmis- 
sion at 13000 feet per second, and @= 0:05, or x4. From which we find, that 
the impulse of any perfectly rigid body, striking it with sufficient force, will 
produce fracture (and not bending, however tough and good the iron), if its 
velocity exceed 560 feet per second, or between one-third and one-fourth that of 
acannon-shot. Where the striking body is itself compressible (as is always more 
or less the case), the velocity required will be rather greater, and the more so as 
the compressibility is greater. Hence, in the case of impulse produced by the 
mass of a highly compressible body, such as that of the elastic gas liberated 
suddenly from the explosion of gunpowder, the velocity of its motion requires 
to be enormous, in order to produce fracture thus by its own impulse only,—a 
consideration by which we arrive at a clear conception of the almost incon- 
ceivable velocity of development of the elastic matter from the explosion of 
fulminating silver, and other such compounds, which produce fracture upon 
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solids, in contact with them at the moment of explosion, almost with the facility 
of rigid solids. Thus, a few grains of fulminating silver strike a hole through 
a thick iron plate, or indent the face ofa steel anvil on which they may be 
exploded. Indeed, pursuing this consideration, we might calculate the velocity 
of evolution of the gases of decomposition of such bodies, which has not yet 
been done. Except, therefore, under the stroke of such formidable compounds, 
we need never dread the fracture of any of the metals applied for ordnance, by 
the velocity of impulse from the mass of an elastic gas only. The striking mass 
requires to have the rigidity and weight of a solid body to produce fracture 
at lower velocities. 

231. Butin all these cases the character of the fracture is the same, whatever 
be the velocity with which it is produced. The sealing-wax and the pitch, alike, 
present a vitreous fracture, whether broken slowly, or shattered suddenly 
against a rigid mass. The glass and the marble present their characteristic 
fractures, whether broken by the most gradually applied push, or the sharpest 
blow ; and so also for every class of unorganized bodies we are acquainted 
with, except one, namely, that which embraces all bodies possessed of a 
certain amount of rigidity and ductility united, in connexion with a crystalline 
arrangement, or the power to assume it. 

This class is chiefly confined to the metals, and amongst many of these we 
find that the character of the fracture varies with the velocity of the blow. 

232. This alteration of fracture is due, then, to either of two causes, or to 
both conjointly sometimes, viz., either to condensation and hardening, produced 
by compression, or to crystallization, induced or altered at the moment by 
compression ; and it is not improbable that every case of metallic hardening by 
flexure, or by compression, or change of form, is only one of inceptive or incom- 
plete crystallization, for the metals that crystallize least perfectly and readily, 
and whose annealing temperature is extremely low (subsequent sections), such 
as lead and tin, are those that are scarcely hardened at all by flexure, compres- 
sion, or change of form. Thus, it is scarcely possible to break a piece of pure 
lead by bending it backwards and forwards any number of times. 

233. To limit ourselves, however, to the case of wrought-iron, the rigidity 
of which is readily and powerfully affected by compression and change of form. 
When a thick plate is struck by a shot, its plane surface, for the instant 
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preceding fracture, tends to be bent with curves of contrary flexure into a 
hollow, whose section is thus compressed at f, b, and b’, and extended at the 
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other sides of the plate opposite to these letters. We say tends only to bend, 
because, on the principles already stated, time is not given it to bend; but the 
extensions and compressions occur in the plane of the plate, the same as if 
bending did take place by the directions in which the striking out of the frag- 
ments takes place in the way already described. Thus, then, we have pressures 
instantaneously propagated through the mass, radially from the point of impact 
of the shot, and in the plane of the plate, forming a circle of compression, at 
the struck side, whose centre is the first point of impact, and its boundary 
evanescent, and surrounded by an extended annulus, and the exact reverse of 
all this at the back or opposite side of the plate, the extensions and compressions 
being all radial to an axis passing through the plate at the point first struck. 
234. The effects on the crystallization of the iron is precisely analogous to 
those described further on in breaking a bar. Lines of maximum and of 
minimum pressure are produced within the plate; its crystals, all probably 
lying originally parallel to the plane of its surfaces, and to that of its original 
lamination, are instantly changed in direction ; their principal axes are reversed, 
and assume the directions of minimum pressures within the mass, which are 
those of tangents to the circumferences of the circles of extension and com- 
pression, and such are just the directions in which we find them. The iron, 
therefore, breaks short and brittle, because of the velocity of the blow, and 
the relation of this to its elasticity and elastic range (#); and it would do this 
whether the character of the fracture were altered (as produced by breaking 
slowly) or not, but the alteration of the fracture from fibrous to crystalline is 
due to the sudden compressions and extensions visited upon the internal parts 
of the plate. It is, therefore, only another case of our general law of crystalline 
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arrangement; the principal axes assuming the directions of least pressure. 
As the planes of weakness in wrought-iron are the planes of cleavage of its 
original crystals (i. e. the crystals in its mass as manufactured), so when these 
are originally confused and partly transverse, the bending double a bar of such 
a character (i. e. of bad iron) becomes doubly difficult :—1st. Because of the 
original crystals transverse to its length; 2nd. Because of those induced in the 
process ; the rate of bending, therefore, must be proportionably very slow. 

235. The author is not aware that any explanation on just physical grounds 
has been before offered of these well-known phenomena. Swedenborg, in his 
large work, “Regnum Subterraneum sive Minerale, de Ferro,” published in 
folio at Leipzig in 1734, Par. xxv. pp. 215, 267, 270, has described with much 
accuracy several of the forms of crystalline arrangement of wrought-iron, and 
of its passage into steel; and some interesting observations on the crystalline 
fracture of wrought-iron, by M. Aug. Malberg, will be found in the “ Bul. du 
Musée de I’Ind. de Brux.,” 1846; but neither these, nor any other author, appear 
ever to have grasped the leading thought, which is the key to the question. 
Upon these principles depends— 


28.—The relative Injury done by the Stroke of Shot, to Guns of different 
Materials. 


236. Experiments were made in France, at Lafere, in 1836-37, by firing 
round shot en ricochet at 100 metres range, at equal-sized guns of cast-iron and 
of gun-metal, which proved decisively in favour of the former as respected the 
resistance offered to injury thus caused; every diametric stroke of round shot, 
even with very reduced charges, producing dinges, or indentations, upon the 
bronze guns, reaching to the interior, to such an extent as to prevent the possi- 
bility of afterwards ramming home a shot. (Thierry, “ Applic. du Fer, &c.” 
2nd partie, p. 125.) 

237. It is believed, that no similar experiments have been made on any 
wrought-iron gun; but the point is one not difficult to predict accurately upon. 

The stiffest (or most rigid and tough) and heavest material, is that which 
must suffer least by a given impulse from a harder body, provided that fracture 
do not result from the blow. 
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238. With steel guns, reduced in scantling at all in proportion to their 
assumed resisting powers, fracture would, in all probability, follow the stroke of 
shot ; the latter being shattered, also, into a formidable “mitraille” against the gun. 
The chances of this are much less with cast-iron, and less again with wrought- 
iron. If the mass of the wrought-iron gun, remain not very much reduced 
below that of a cast-iron gun for equal caliber, there is no reason to suppose it 
would be more liable to injury than the cast-iron gun. But, if the relative mass 
of metal for the same caliber were seriously reduced, as might be done with 
wrought-iron field guns, of equal resisting powers with existing ones of bronze, 
more susceptibility to injury thus, might be anticipated; but still very much 
less than the amount to which the bronze field-guns of all the world (excepting 
the few cast-iron field-guns said to be employed in Sweden, Denmark, and the 
United States) are at present obnoxious. 


29.—The mutual relations of the Material of the Gun and of the rapidity of 
Explosion of the Charge. 


239. Since the year 1801, when Howard published his discovery of fulmi- 
nating mercury (Phil. Trans.), and his experiments, with Keir, upon its effects 
when substituted for gunpowder in fire-arms, it has been recognised, that some 
explosive substances become gaseous with inconceivably greater rapidity than 
others; that, in fact, the word explosive merely expresses a vague relation 
between the volume of gas evolved from a solid or liquid, in changing its state 
by chemical or molecular action, and the time occupied in that change; so that 
the coal that slowly becomes water and carbonic acid, &c., in our domestic fires, 
and the gases suddenly liberated from an ignited charge of gunpowder, are but 
extremes of a line of similar phenomena, connected in character, and differing 
mainly in rapidity. 

240. Yet the explosion of gunpowder itself, estimated by Hutton as expanding 
‘at a velocity of about 4700 feet per second, and found by Robins to be probably 
about 7000 feet per second, is a comparatively slow combustion, and conversion 
into gaseous matter, exceeded greatly in rapidity by many known agents,— 
amongst some of the best known of which may be named, in the relative order 
of rapidity of explosion :— 
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Chloride of nitrogen. 

Iodide of nitrogen. 

Fulminate of silver. 

Fulminate of mercury. 

Fulminates of several other metallic bases. 
Pyroxyle, or gun-cotton. 


241. Gunpowder itself also differs much in the rapidity of its explosion 
according to the density and mode of the charcoal having been burned, its 
state of aggregation, the fineness of levigation and intimate admixture of all its 
constituents, and their relative proportion, the size, form, and density of the 
grains, and highness of “ glaze” of the powder, and its perfect dryness. When 
all, or the chief of these numerous conditions, are united favourably in certain 
gunpowders, their rapidity of explosion is so great, and their injury to fire-arms 
so remarkable, that they are known in France as “poudres brisantes.” This 
property is still further exalted if the powder be slowly heated up to nearly the 
highest point it will bear without decomposition, prior to ignition (as when 
charged into a heated gun, in the way previously alluded to) (sec. 89). It is 
stated that a temperature of 160° Fahr. increases the effect of the explosion }, 
and that one of 400° nearly doubles it (Straith on Artillery, p. 554). This effect 
is not so much due to increased tension of the gases evolved by elevation of 
temperature, as to the state of unstable equilibrium into which the elements of 
the compound are brought by its gradual increase, towards the verge of that at 
which total subversion occurs, producing far greater rapidity in the explosion 
when it does occur. 

242. A very simple and beautiful, though not very common experiment, 
well illustrates this. Ifa common Congreve or Lucifer match (those made of 
sulphuret of antimony and chlorate of potash answer best), be slowly and 
cautiously heated up for a minute or two, nearly to its igniting point, by being 
held close to a fire, or toa heated iron bar, and then ignited, it no longer catches 
fire and blazes, burning gradually out, as when lighted in its ordinary con- 
dition, but explodes suddenly, with a sharp loud report, and this, whether 
ignition be in this state produced by friction only, or by contact of an ignited 
body. 

The effect of the gradual exaltation of temperature, in either case, is to 
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diminish still further the moment of time before required for the change, from 
the solid to the gaseous state. The distress upon the gun, however, is depen- 
dent upon the shortness of this time of explosion. 

243. Neglecting the inertia of the charge itself, and supposing it fired from 
the centre, so that its evolved gases shall have equal density against the breech 
and the shot, if P and P’ be the weights of the shot and of the gun, the total 
vis viva of the explosion is, 


Ppt ya, (57) 
g g 

and 
Eyal ye (58) 
g g 


the vis viva of the shot, and of the recoil. 

244. Assuming that the “ work done” upon the shot, and upon the gun, is, in 
the case of every explosive agent, proportional to the volume of gases evolved, 
and that this is proportional to the weight of the charge, p, we have, for different 
velocities, and weights, of shot and charge, the proportions 
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For, the same shot P=’, with different charges, 
| Te Per pe pe (59) 
and for the same charge p =p’, with different shot, 
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or, 
Vie PCP LEP). (60) 
This law, first given by Hutton, as deduced from his experiments, has been 
subjected to fresh investigations by Colonel Mallet, of the French Artillery, by 
General Piobert, and others, and has been verified for gun-cotton as well as for 
gunpowder. 
245. In the following Table the results of some of these experiments are 
given, in which the vast differences in effect, due to difference of aggregation, 
composition, &c., in the charge, are manifested :— 
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Taste XII. 
Vis Viv 
the shot | _ Changes 
ExpLosivE AGENT. Pp equivalent to 
a V2=np. | equal ranges. 
Blasting powder, ... . 28°37 x p) 14.70grm. 
Guanes of \ Horsmalitarms. =~ 3 «sis 52°50 8:00 
; Boricannons 3, 3 aa 59°00 7:10 
Gunpowder of f Fine sporting powder 3 72°83 577 
Esquerdes,. \| Finest glazed sporting powder, 82:14 4:55 
Carded, of Montreul, .. . 159°25 2°83 
Gun-cotton, . | Garde of Bouchet,. . . . 142-00 2:95 
Spun, of Bouchet, . . . . 147:°60 2°85 
ae revere, 


In round numbers, therefore, 3 lbs. of gun-cotton will do the work of 8 lbs. 
of gunpowder ; but its effects may be enormously more destructive upon the 
gun, though producing only equal effect upon the shot. 

246. As stated at the commencement, the question of stress upon cannon, 
resolves itself into one of maximum pressure per square inch. The researches 
of Piobert have shown, that as a determinate time is necessary before the inertia 
and compressibility of the shot can admit of its sensible motion, so this maximum 
pressure (with all other conditions the same) is greatly increased, and the 
maximum more rapidly reached, from the first instant of ignition, in proportion 
as the powder is of a quality to burn more rapidly: so that, carried to its 
extreme limit, as in the firing of some of the fulminating compounds, the gun 
is burst before the shot is sensibly moved, and the velocity attained by the latter 
is very slight. 

247. In order to determine, in an approximate way, the relative maximum 
mean pressures of the gases from gunpowder and from gun-cotton at different 
moments of the traject of the shot along the chase,—equivalent charges, viz., 
eight grammes of gunpowder, and three of gun-cotton, were fired successively 
with the same shot, from guns of various length, namely, 


64, 49, 38, 29, 22, 16, 11, 7, 5, and 4 


calibers in length, and the velocities of the shot, measured by the balistie pen_ 
dulum, 
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e (61) 


I being the length of the chase, or rather of that part of it passed through by 
the shot, is equal to the mean effort of the charge. This mean effort, and the 
pressure per square inch due to it, is always below the maximum mean effort, 
or pressure, and the latter is most in excess of the mean, where the length 
of the gun is greatest. Hence, comparisons of mean pressure for gunpowder 
and gun-cotton will be nearest the truth when taken for the shortest trajects 
within the gun, or at moments nearest to that of ignition. 

The following Table gives the velocity, vis viva, and mean effort, due to 
gunpowder and gun-cotton, within the limits tried :— 


Taare XIII. 


Mean Ervorr 


LENGTHS OF GUN. VELocITIES GIVEN, Vis Viva. ean aen | 
Z Traject 
Ses Chase, jin Chase of |} Gunpowder. | Gun-cotton, |Gunpowder. | Gun-cotton.|Gunpowder.| Gun-cotton. 
3 Shot. 
64 1:083 1-035 376°72 37659 416°4 416-4 201:2 201:2 
49 0:833 0-785 37618 387-33 415°2 4405 2645 280°6 
38 0°646 0598 34953 37962 359°0 424] 300°2 353°8 
29 0-493 0:445 316°87 358°52 2946 377-4 331-2 424-7 


22 | 0374 0°326 386°07 360°38 240-2 3813 368°3 584-3 
16 | 0:272 0:225 261-20 326°51 200-2 313°0 446°8 698°7 
TS) Osi 0:139 220-96 294:38 143°1 254-4 515°3 915°2 
7} O-119 0-017 161°65 250°54 767 184°3 5399 1297°9 
5 | 0:085 0:037 11527 175-94 39°0 90°8 5269 1228°3 
4 | 0-068 0:020 89°33 11923 23°4 41°7 585°3 1043-5 


The Dimensions are in Metres, the Weights in Kilogrammes. 


248. It results from these experiments, that the velocity of the shot does 
not increase beyond 49 calibers ; that at 64 calibers the velocities are equal for 
gunpowder and gun-cotton, and at greater length of chase the latter would begin 
to lose velocity ; that the mean maximum effort of the gun-cotton, constantly 
increases, above that of the gunpowder, in proportion as the length of the chase 

2Nn 2 
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is reduced ; and that the maximum tension is attained when the shot has been 
displaced 0:075 metres. It is, then, for the gun-cotton, = 493:4 atmospheres, 
while at the corresponding length for gunpowder it is only = 227-7 atmo- 
spheres. nig 

It follows, then, that the strain upon the gun for equal ranges, and equal 
weight of shot, is with gun-cotton about double that with gunpowder. 

249. Had we learned, experimentally, the actual time required for the igni- 
tion and complete combustion of given weights and volumes of gunpowder 
and of gun-cotton, more precise conclusions could be arrived at as to the best 
material for cannon intended to be fired with the latter. With the exception, 
however, of a single set of experiments made by the author, as to the time of 
explosion of some rather large charges of gunpowder, by means of the chrono- 
graph, incidental to his experiments on earthquake-wave transit (Trans. Brit. 
Assoc.), no experiments seem as yet to have been made on the subject. 

250. With guns whose resistance to ultimate rupture shall be so propor- 
tioned by excessive scantling as to be far within the limits of safety, there can be 
no doubt that the metal whose period of force transmission is highest will suffer 
least from the rapid blow of gun-cotton, while the ductility of gun-metal must 
render it susceptible of rapid injury of local form by it; and should the extreme 
lightness of gun-cotton as ammunition for field artillery ever induce its general 
adoption for that arm (as the experiments in Bavaria and Austria seem to 
render somewhat probable), there can be no doubt that wrought-iron field- 
guns would be found the best fitted to resist its action, if properly made; their 
length being reduced and thickness varied, in accordance with the above 
experiments, and the external contour of the gun wholly altered from the estab- 
lished models of brass field-guns. 

251. While, however, a metal comparatively rigid and highly elastic will 
suffer least distortion under the stroke of gun-cotton, or the like rapidly 
exploding agents, there may be ground to apprehend that internal molecular 
injury, and final dislocation, may more or less slowly result from the shattering 
jar of such explosions, and most of all so, in a loosely coherent and crystalline 
mass, such as cast-iron, although such might not occur with gunpowder, or be 
much more slowly produced. 

252. That particular form of destruction upon long-continued firing which 
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appears to wait on heavy cast-iron guns, due (as already explained) to the local 
internal strains induced by the condensation of the metal at the interior of the 
chase, must with gun-cotton be greatly accelerated. On the other hand, the 
heat evolved is much less from gun-cotton than from gunpowder, and hence 
less powerful internal strains from unequal expansion of the gun. 


30.—Material of the Gun in relation to Chemical Action of the Charge. 


253. Sulphuret of potassium, converted in great part while in a nascent state 
instantly by oxidation into sulphate of potass, and water, appear to be the main 
agents, resulting from the decomposition by ignition of gunpowder, capable of 
acting destructively upon the gun. In the case of gun-cotton, nitric acid and 
water are the agents in a like predicament. 

254. Water, combined with or acting along with air, as is always the case 
here, reacts with rapidity in corroding iron and cast-iron, the extent of which, 
for unit of surface and in relation to time of action, have been given very fully 
in the author's researches on the Corrosion of Iron (Trans. Brit. Assoc, 1840); 
but neither air nor water, nor both, have a very appreciable corroding action 
upon gun-metal. 

255. Upon all three, cast-iron, wrought-iron, and gun-metal, the oxidized 
compounds of sulphur, as well as the alkaline sulphurets, act with rapidity, 
perhaps more destructively upon gun-metal than on either of the other metals, 
producing a form of local corrosion that eats the metal into pits and small 
cavities, not unusually found in the interior of old guns. 

256. The most formidable chemical re-action, however, produced in any 
species of ordnance is that by which the vents, and portions of the interior of the 
chase near the seat of the shot, become so much enlarged in continued firing 
from cast-iron guns. This, which has been always attributed solely to gradual 
rending off and blowing away mechanically of minute successive fragments of the 
metal from the neighbourhood of the vent, by each discharge, is in fact a veri- 
table deflagration of the uncombined graphite contained in the cast-iron, and 
of the metal itself. (See Note D.) The carbon first, the metal itself directly 
afterwards, burn just as the carbon of the powder itself does, and the remaining 
metal, rendered soft and porous where this occurs by the initiatory burning 
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out of the graphite, is rapidly swept away by the blast of each successive 
discharge. Copper vents, or, still better, red gun-metal (copper with about 
3 per cent. of tin), bouched into the gun, appear to remedy this to a great 
extent. The French experiments at La Fere, however, gave some ground to 
suspect a weakening of the gun by the excess of expansion of the copper plug. 
It would seem that a far better method than “ tapping” or screwing in the vent- 
plug might be adopted, giving the power of renewal, and of rendering the gun 
unserviceable or serviceable again in a few seconds, without the necessity of 
spiking and unspiking, and preventing the possibility of the latter being effec- 
tually performed. 


31.—Of the Position of the Trunnions upon the Strength of the Gun. 


othe dd @ : 

257. The mass of the shot, whose diameter is D, being M, and its initial 
velocity v, and the mass of the gun M/’, neglecting that of the powder, the vis viva 
of its explosion is (Eq. 58) 

Me? + M'v”, 

and that of the recoil M’v”. The latter, transferred as a pressure against the 
interior of the breech, is propagated as a force tending to stretch the metal 
of the gun from the section y in line of the axis towards the muzzle z; the 
rate of propagation, being (Eq. sect. 184) extremely rapid ;—most so in steel ; 
least so in gun-metal; in either so rapid that, to the senses, the whole gun recoils 
together and as one mass, and at the same instant; yet in reality the first 
effect of the recoil is to elongate the gun, pushing out the breech part like one 


- 
“one. wie 
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end of a spiral spring; the elongation traversing the whole length of the gun, 
and arriving at the muzzle, leaves it at its original length, assuming the elon- 
gation to have been far within the elastic limits. In its rapid progress, however, 
it has produced a strain in succession in the line of the axis upon every part of 
the gun. 

258. If the gun have no trunnions, but, resting without friction, abut firmly 
against a fixed obstacle against the breech at 2, then the segment in rear of the 
cartridge will be compressed by a force equal to the whole recoil in the direc- 
tion yz, while the remaining parts of the gun will be extended by a force in 
the direction yz, which, at the transverse section y, is equal’ to the recoil, and 
at the muzzle is=0. If /’, then, be the work done to tear the gun in two at 
the section y, and ¢ = the momentary time of the traject of the shot along the 
chase until leaving the muzzle, 


Af/,./2 
— t= Ft (62) 


will be the longitudinal strain upon the gun. 
259. If the breech be unsupported at w, the strain tending to tear it off at 
a de) 


the section y is = aa Pel diminished only by the inertia due to its small mass 


between y and 2, or, 


2 2 
260. If the gun be fixed rigidly on trunnions placed in the usual position at 
t, the strain tending to tear or break them off is equal to the whole work done 
by the recoil. The bearings always yield something, however. 
The tendency to tear the gun in two at the trunnions, if J/” be the mass 


between z and ¢, is 
Mio! My? 
(> ATE )e ‘oe 
This extension in the section at ¢ at the first moment is, on the principle already 
stated, followed by a compression in the direction zt, of equal amount, and so 
for any other position of the trunnions. 

261. The amount of extension or compression, assuming the gun of equal 


12 asf 
n= (= e me) t - (63) 
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transverse section of metal throughout its length, and its elasticity perfect, being 
given by equations 19-27, it follows that the longitudinal strain upon the 
metal of the gun, due to recoil, will be a minimum, if the trunnions be placed at 
the farthest point to the rear (as in mortars) ; or moves completely, if there be 
no trunnions, and the gun be firmly and rigidly supported against the recoil at 
the breech. 

262. But in every case there is a certain amount of end-on strain; the metal 
of a gun is, therefore, at the moment succeeding explosion, subjected simul- 
taneously to three different strains, acting at right angles to each other—the 
tangential or bursting, which is extensional, and accompanied by compressive 
or radial strains, which are normal, and the longitudinal re-active strains of the 
recoil, chiefly extensional, in line of the axis. There are good grounds for 
presuming that the existence of the two latter tend to a certain extent to 
weaken the resistance of the metal to the former. 

263. The author is not aware that any direct experiments have as yet been 
made with a view to ascertain what effect would be produced upon the tenacity 
of a prism or bar already strained in the direction of its length by the applica- 
tion of new forces of extension or of compression along its whole or part of 
its length, and perpendicular to the former. Whatever hypothesis be made as 
to the law of aggregation, or of lateral adhesion of the ultimate molecules, it 
would seem to follow inevitably, that lateral extending forces must reduce the 
tenacity of the bar, and probably that lateral compressive forces might increase 
it, dependent much, however, as regards the latter case, upon the relation 
between the ductility and the ultimate cohesion of the material. If we assume 
the molecules arranged equidistantly in parallel equidistant lines throughout 
the bar (like strings of beads), whether opposite each other in the same trans- 
verse section, or (quincunx) each falling into the space betwixt two of the 
adjacent ones, and attracted mutually by a force varying by whatever law with 
respect to distance, it would seem likely that a force acting transversely to the 
bar by extension, and equal to that extending the bar in length, might diminish 
its strength by a function of ,/2:1. Mr. P. W. Barlow’s “ Experiments on the 
Existence of an Element of Strength in Beams,” &c., arising from lateral action 
of the particles (Proceedings of Royal Society, vol. vii., p. 319), as well as Vicat’s 
(Ann. de Chim.), bear upon this obscure subject, upon which experiments are 
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much to be desired in relation to the construction of artillery; for, whatever 
be the law or amount, of decrease of strength, as against the bursting strain, due 
to the coincident longitudinal extension and normal compression, there seems 
enough already known to warrant the supposition that the reduction is often 
serious, and that it may be much and unnecessarily increased, by an injudicious 
position given to the trunnions, and by their rigid fixation, into massive and 
unyielding metallic gun-carriages. And, as the longitudinal strains are a 
minimum, when the gun is not sustained on trunnions, but is supported along 
its whole length, and the recoil firmly resisted, by a fulcrum behind the breech 
(like the barrel of a musket in its stock), so there can be little doubt that a 
gun mounted in this form will resist the largest charge in proportion to its 
scantling and material, or, with any ordinary charges, will last the longest. 
Thus the cumbrous cannon of ancient times, whether accidentally or not, 
possessed in this respect another element of strength. (Note A, “ Ancient Ser- 
pentines.” ) 


32.—General Comparison of the Constructive Constants of the Materials for 
Ordnance. 


264. Having thus considered in succession, the relational characteristics of 
each of the four chief materials for the fabrication of artillery, and some of the 
most important specialties that belong to each, we arrive at a point where, in 
the four following Tables, are presented in one view the principal deductions 
which the discussion warrants :— 


Taste XIV. 
Of the Physical Properties of the principal Materials of Construction for Artillery, from British Data. 
2 3 4 5 6 7 8 9 10 Tae, B i 15 16 
Mean Mean 1 Ex- Modulus Coefficient of | Modulus of 
Immediate Re- | Extension |Compression| Fi9)P™ | Modulus 7 g Cec nH Or Coefficient of odulus o} 
Marencst, | pasintance co | ‘tance within | per ton per per ton per | the Blaric | pag Oly, | Elasticity |" Revatance (0% Pa of Ruptare yori, 
within, within iS Las pase 
if l = 
Tension, |Compres. Tension. Contes saat oad qedeteaa a aes L. penoquare Tension, |C°™PF*| Tension, |ComPres-, Feet per 
Pa of L. of L. L. inch, — | sio! si second. 
Tons. | Tons. | Tons. | Tons. Ibs. | Dynams.| Dynams. | Dynams.| D. \anxaee 
1 | Gun-Metal, .| 16 12? 45 3B? 000230 ? -00104 2,790,600 9,873,000 524 | a) O41 rae = 8260 
2 | Cast-Iron 10 45 40 202 | -000220 | -oon1s | -oooss | 5,750'000 | as'400'000 | 304 | sows | Dube 11088 | 11100 
3 Wrought-iron, 27 | 16 | 120 12 “000100 | -00010 00120 | 7,550,000 | 24'990}000 | 1643 | 1613 | 81-64 12083 
4 | Steel, . 49 | 60? | 160 | arr | -oovds7s ? 00060 | 8,530,000 | 29'000\000 | 1075 | 2 9255 | 113: 15:3 | 14108 


Nore.—The moduli of Elasticity are Tredgold’s. The values of i, from the means of various experimenters, as also the values of 
columns 3, 4, 5, and 6. 
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Tasle XV. 


Comparison of Weight, Strength, Extensibility, and Stiffness; Cast-Iron being unity, within practical 
limits, to Static Forces only. 


| Material Weight for | strength. 
| Cast-Iron,. . 1:00 1:00 
| Gun-Metal, . 1:18 0°65 
Wrought-Iron, 1:07 3:00 
1:07 475 


Steele itis. 
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Extensibility. | Stiffness. 
1:00 1:00 
1:27 0:53 
0-45 2°20 
032 3:15 


Torsion. | 
Resistance. 
0:55 


111 
211 


The torsion from Colomb and Tredgold’s results. 


2 


Relative 


in moist 
Air. 


Taste XVI. 
Molecular Properties of the principal Materials for Construction of Artillery. 
2 3 4 5 6 7 8 9 10 11 
Chemical ifl Torsion tempera eee Specifi Coetigent Relati Reutene Oxidatii 
i 0 i ecific 2) ive ‘Resi: ice) OX 100 
ees Constitution. | Gravity. 2B Maximum expacslon Heat, Conduction Hardness. to i 
Rupture. | ‘Strength. | 159° Fahr, for Heat. Abrasion. 
Mean. Degs. ? ? ? 
Gun-Metal, Cu; + Sn 8450 367° 32° “001816 | 0110 236? 5 10°5 
Cast-Iron, . . |Fe.C+C’+m) 7°200 52°? 300°? “000893 | 0°134 100 10 39-4 
Wrought-Iron, Fe.C+m 7750 330° 360° “000984 | 0°109 110? 20 322°6 
Stel, . . Fe.C 7800 200° 2 001225 | 0°109? 100? | 40 968-4 


Col. 11, = hardness x T,. 
Col. 12, from the Author’s experiments, Trans. Brit. Ass. 


Taste XVII. 
Comparative Financial Relations of the principal Materials of Construction for Artillery. 

Ei 2 eae eae 5 6 7 aaa sa 
= 3 ‘ < Relative ; SS Relative 
5 A’ e | Relative | Relative Relati Relative a Unservice- ° ; 

a Material Cost per'Ton Section Weight marie Value Money Value ERE abiegaliege er a connie 
3 ; in Guns in |for equal | for equal| for equal for equal npheresiever’ ‘old Material) first | Durability 
Zz England. ength. | strength.| strength. weights. overstrained.| De* Ton. cost. included: 

£ Fy £ 
1 | Gan-Metal, 160 1:60 1880 5°33 10°02 4 60 100 251-00 
2 | Cast-Iron,. . 30 1:00 1-000 1:00 1:00 1 4 26 100-00 
3 | Wrought-Iron, 60 0°33 0°354 2°00 0°70 22 6 54 3°25 
4.|, Steel, sh 180 0-21 0°226 6:00 1:36 156 15 165 0°87 

Se = 


Nore.—Cast-Iron is taken as unity throughout. 
The relative strength is as opposed to static forces, 
The relative durability takes account only of abrasion and corrosion. 
Col. 10 = col, 6 x reciprocal of col. 8. 
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265. The first of these Tables (Table xiv.) embraces results sufficiently 
within the limits of extreme experiments to be reliable in practice. The blanks 
and interrogationsinsome of thecolumns, especially as regards gun-metal, indicate 
how little the attention of experimenters has been directed as yet, to answer the 
many important questions, needed to fix upon an exact foundation the principal 
data for fabricating cannon of that material. (Note S.) We perceive, however, 
how completely the fancied superiority of steel, as a material for ordnance, 
vanishes, on comparing columns 11,12, 13, and 14; and that, with properly 
proportioned guns under service charges, wrought-iron stands superior to all other 
materials—three times stronger than gun-metal, four times stronger than cast-iron, 
and about one-third stronger than steel ; while at the ultimate strain of rupture, it 
is not far below steel, double as strong nearly as cast-iron, and about a third 
stronger than gun-metal ; the forces being in all cases impulsive. 

In Table xv. the general distortibility of the four metals, is compared with 
cast-iron as unity; and here again the superiority of wrought-iron is apparent. 

In Table xvi. various molecular conditions for the same metals are com- 
pared, and as in the preceding Tables, the conditions of strength, so in this, 
those of durability, and of those conditions in service, discussed in the earlier 
part of this work, are put in comparison. 

266. While lastly, in Table xvit, the results are brought to the test of money 
value. We find that wrought-iron guns are more than five-fold as durable as 
those of gun-metal, and twenty-two times as durable as those of cast-iron, without 
taking any credit, whatever, on the side of wrought-iron, for the deterioration 
of cast-iron due to mere repetition of discharge, as referred to in chap. 17 ; 
while the first cost of wrought-iron guns (at a large estimate), is not more than 
double, that now paid for cast-iron, and immensely below the price of either gun- 
metal or steel ; and, taking first-cost and durability together, gun-metal cannon, 
are about seventy-seven times, and cast-iron guns, about thirty times, as dear as 
wrought-iron artillery. Again, the cost of horse-labour, or other means of transport 
for equal strength (and of course, therefore, for equal effective artillery power) is 
above five times as great for gun-metal, and nearly three times as great for cast-iron 
as for wrought-iron guns. This last consideration puts out of view, the assumed 
necessity, for a determinate large dead weight in guns, for the mere purpose of 
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absorbing recoil,—a necessity by no means self-evident, and to the consideration 
of which we have adverted. (Note T.) 

In every respect, then, in which we have submitted them to a comparison, 
searching and rigid, and that seems to have omitted no important point of 
inquiry, wrought-iron stands pre-eminently superior to every other material for 
the fabrication of ordnance. 

But we have also indicated grave difficulties, incident to the forging of large 
masses of wrought-iron, and hence, apparently insuperable obstacles to the use 
of wrought-iron, even for guns of the largest caliber at present in use, much less 
to the extension by its means of the magnitude of our artillery, far beyond any- 
thing yet attempted, at least in modern practice. 

We proceed, then, to consider how these difficulties can be met, and to 
determine the conditions under which wrought-iron may be applied to the con- 
struction of artillery, so as at once not merely to escape, the evils and vast 
expenditure, of immense single forgings, but also to enable the whole strength 
of wrought-iron of the best quality, and in its most advantageous state of aggre- 
gation, to be applied. 


33.—Of the proper Construction, in Wrought-Iron, of Guns of the largest class. 


267. In the preceding pages it has been shown, that the difficulties of manu- 
facture in wrought-iron, incident to changes in its molecular condition, com- 
mence at the point where the rolling process must be abandoned, and give place 
to forging and hammering (chap. 25). That the frontier of this limit is capa- 
ble of being largely extended, will not be doubted by practical ironmasters 
(sect. 215). With existing methods and machinery, however, the production 
of wrought-iron guns, by means of the rolling process, must stop at about 
12-pounders, or a caliber of 4°62 inches. 

268. Wrought-iron guns, up to 6-pounders, indeed, may be successfully pro- 
duced almost by any process of careful forging by hand, with good iron, as the 
beautiful little Turkish guns, forged at Erzeroum, in the Exhibition of 1851, well 
showed ; and others, made more than thirty years since, by the author’s father, 
carrying 3 lbs. lead spherical shot, for the boat use of the Coast-guard Service, 
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from designs by Capt. Pottinger, E.I.C.S., and which were probably the very 
earliest British successful attempts in producing forged cannon in one piece, fired 
bya lock. The chambered breeches of these guns were of soft steel, screwed 
into the chase ; they were fired by a lock, united with a prolongation of the 
breech, which ended in a sort of pistol-formed directing handle, and being 
beautifully balanced on trunnions and a vertical spindle, were directed and 
fired, from the bow of a boat, by one hand and finger on the trigger, with the 
facility and accuracy of a shoulder rifle, so that an object in rapid motion could 
be followed and struck, almost as a sportsman follows a bird upon the wing. 
Some of these guns were rifled, and the range of all, from the small windage and 
the density of the lead shot, was surprising, and their practice extremely accu- 
rate. With the adoption of the Minié form of shot in hardened lead, it can 
scarcely be doubted that the use of wrought-iron guns of this form, for light 
horse artillery, would confer a celerity of movement and of practice, combined 
with range and power, that would be of the highest value in many instances, 
and more particularly against a mobile and numerous cavalry. 

269. To return from this digression,—the capabilities of the rolling process 
for producing tubes of wrought-iron, of enormous strength in relation to thick- 
ness, are well known now to mechanical engineers, since the introduction, some 
years ago, of the patent process of welding wrought-iron tubes, by rolling at a 
welding heat, upon a maundrell, either a single, or two flat and equal strips of 
boiler-plate, which thus become united at the edges by one or by two longitu- 
dinal welds. ‘This constitutes the process of the Birmingham Patent Tube 
Company, whose tubes are extensively used for steam-boilers and many other 
purposes all over the world. 

270. No series of accurate or comprehensive experiments has yet been made 
as to the relations between diameter, thickness, and strength of these, or indeed 
any other, tubes, though much to be desired. The author has, however, been 
obligingly furnished with some results of experiments made specially for him, 
by the proprietors of these works, of which a few are subjoined, and which 
prove the enormous resisting powers of these tubes to internal pressure, applied 
by water, in a very striking manner. (Note U.) 
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Tasre XVII. 
Experiments on the Strength of Wrought-Iron Tubes. 


. Extension in . Bursting 
Internal Pressure per ssure in | ¢. Burstin a 
Diameter of | Thickness. | square ah oars per Circumference! pressure ie Pressure in 
| Tube. withstood. square inch, yang: square inch, Tons per 
rain, square inch. 
Inches. Inches. Tbs. Tons. Inches. Ibs, Tons. 
3500 0°25 6742 301 033 
3°625 071875 2316 1:03 025 
3°750 07125 2316 103 “150 
3°250 07125 3920 1:30 “050 4825 2:15 
2-750 0:125 2543 1°13 ‘031 
2:250 07125 6182 2:76 “050 7690 343 
1:250 07125 8897 3°97 insensible. Exceeds the power of 
the pump. 


It will be recollected that these tubes are rolled chiefly to resist external 
pressure, that the fibre of the iron in them, is all parallel to the axis, or longi- 
tudinal, and the line of welding in the same direction; hence, their conditions 
of manufacture are the most unfavourable possible for effective resistance to 
internal pressure: and yet, their powers are enormous. The actual static pressure 
withstood by a tube of about the caliber of a 6-pounder, and of only a quarter 
of an inch thick, being, perhaps, about half the maximum pressure produced 
by discharge upon that gun. The causes of this superiority have been already 
fully developed (chaps. 22, 23, and 24), and are dependent on the simple fact, 
that these tubes are rolled, and not hammered, and if such results are obtained 
with a very inferior and almost careless mode of manufacture, what might not 
be produced were its objects directed, not merely to tubes sufficiently good to 
resist the moderate pressures, to which their marketable uses alone expose them, 
and to their production at a moderate market price,—but to the production of 
rolled tubes of large caliber and thickness, of the finest and toughest iron, and 
whose fibre should be uniformly arranged spirally round the axis, like the twist 
barrel of a fowling-piece (sect. 218), and specially prepared for cannon. 

271. There can be no doubt, therefore, that by suitable modifications of the 
rolling process, and a judicious selection of the iron, tubes could be rolled for 
forming guns of all calibers, up to 12-pounders at least, possessing enormous 
resisting powers, great extensibility within the elastic limit, and hence, great 
safety in service, and at a cost perfectly insignificant as compared with any 
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previous mode of manufacturing wrought-iron artillery. The molecular condi. 
tion of the iron and its coefficients of strength would not become impaired, until 
after a thickness of from 2 to 3 inches of metal had been reached. 

The problem, therefore, seems within easy reach, as respects small calibers, 
and these would be the materials from which to form a wrought-iron field artil- 
lery. (Note V.) But the question remains, how are all the larger and heavier, and, 
perhaps, much more important calibers, to be safely produced in wrought-iron ? 
Here, production in single masses seems nearly impracticable, even if our 
machinery of production were increased to the magnitude and power, requisite 
to enable rolled masses of the necessary size to be attained; for the length of 
time alone indispensable, to both the heating and the cooling of those huge 
pieces, inevitably results in changes of molecular structure of an injurious 
character (chap. 23) to the metal. 

272. We are, therefore, limited to the use of such forms and such dimen- 
sions of iron as can be rolled with determinate direction of fibre, and of such 
dimensions, as shall be heated and cooled with the required rapidity. 

The larger calibers of wrought-iron ordnance must, therefore, be built up 
in separate pieces, and in such a manner, that the tangential, and the longitu- 
dinal stretching strains, shall be resisted, each by masses, whose directions of 
fibre (or crystals), and therefore whose maximum elastic extension shall coin- 
cide with these directions respectively. 

We are now to analyze these forces, and 
consider how this combination may be effected, 
and whether the necessity of combining a num- 
ber of separate pieces to form the whole body 
of the gun is attended with advantage or disad- 
vantage to its materials, in resisting the forces 
produced by the explosion of the charge. 

273. Let the shaded portion a, 7, p, be the 
transverse section, and a unit in length, of a 
gun formed in one mass. The pressure of the 
elastic fluids of the explosion, acting upon Mig. 1: 
the interior of the cylinder, is resolved in at least three distinct directions of 
forces acting upon or within the metal of the gun, and tending to produce as 
many distinct distortions. 
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1°. A tangential pressure producing a splitting strain, in extension, 
perpendicular to the radius. 

2°. A compression of the metal in the direction of the radius, which adds 
to the extension due to the tangential strain, and is greatest at the 
interior surface, g, p, d. 

3°. A longitudinal strain producing extension, parallel to the axis, and 
nearly equal for any part of the same transverse section of metal. 
Both the latter forces tend to increase the effective energy of the 
first. 

The measure of tension at the interior circumference, is the pressure per 
square inch, times g, d. But, in accordance with Hooke’s law, wt tensio sic vis, 
the resistance opposed to this pressure, by the extensible and compressible 
elastic metal, is proportionate to the pressure, which is greater for the interior 
lamina of metal than for any other further removed from the axis. The metal, 
therefore, of the interior of the gun is the most stretched, and the resistance 
afforded by any two successive lamin, whose distances from the axis are D’ 
and D, are as D? to D”. 

The exterior portions of the solid thickness of the gun bear proportionably, 
therefore, but a very small share of the strain from the exploded charge. 

Were the nature of the material by possibility such, that its measure of 
tenacity were accompanied either by infinite extensibility, or by none at all, 
then the measure of resistance would be the same for each successive, indefi- 
nitely thin lamina, and would be simply equal to the entire cross section of 
metal, or to twice p, f. 

274. The limit, therefore, at which no addition of thickness to the exterior 
of a gun adds anything to its resisting power, is reached as soon as the maxi- 
mum pressure per square inch upon the interior equals the resistance of its metal 
at the point ofrupture, for at this point the interior lamine tear asunder, while 
those exterior to them remain whole, to be in succession ruptured by a further 
application of pressure, which now acts with a greater moment, because upon 
a greater internal diameter, by the depth of the rent opened, added to the caliber. 
This result is indicated by every formula proposed for the resistance of cylin- 
ders under pressure. 

Dp 


Foyle ee ie Morin, (1) 


é 
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ig 
Dp Lith R , 
e=—, x hyp. log. | ———— ]._ ._ Dr. Robinson. (2) 
k gs 
Caw fe 
Dp ie 
c= x hyp ag Agi. Sa Ls . Dr. Robinson. (3) 


Each on a different assumption as to the nature of the molecular forces under 
strain, and the mode in which fracture occurs. 


ee R+p : 
soa ek ( Fee}. eee oD rwclarte: (4) 
Dp 
a= Rap Barlow. (5) 


e being the thickness of metal, D” the internal diameter, or the caliber, the 
coefficient of rupture of the metal, and p the maximum pressure on the unit of 
interior surface in each case; a in equation 2 being the fraction of D’’ that 
determines the point in the radius, round which the motion at rupture is 
supposed to rotate. 

275. Professor Barlow, who was the first to point this out, in his paper on the 
strength of hydraulic press cylinders (Trans. Ins. Civ. Eng., vol. i.), remarks 
that the result is apparently paradoxical. He has, however, himself produced 
‘the apparent paradox, by not drawing quite the correct conclusion from his 
own investigation, for it is not true to say, that no addition of thickness 
adds anything to the strength of the cylinder, but that no addition of thick- 
ness will prevent the rupture of the interior, as soon as the pressure per 
square inch reaches the point of final extensibility of the metal at the internal 
surface. 

276. If D’ and p be given, the value of e for different materials depends both 
upon the absolute tenacity of the particular metal and upon its extensibility. 
The thickness at which rupture internally will commence, is as the final tenacity 
directly, and as the final extensibility inversely ; the limit of thickness, therefore, 


is in proportion to = for each material, from which it follows that, the thickness 
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at which any further addition of metal will be useless, will be sooner reached 
with a gun of cast-steel, than of any other applicable material—a deduction 
full of important considerations, as respects the use of this supposed valuable 
metal for artillery. 

277. Professor Barlow, in common with other investigators, assumes the 
gun to part in two, at opposite ends of a diameter, at the same moment. This 
is seldom, if ever, the case in reality, as we have seen (sections 7, 8) that in 
practice, one part or other, is slightly defective, or weaker in some way, and 
that fracture begins and takes place from one side; for example, from D, the gun 
opening out and turning out round a point A, asa fulcrum, at the opposite side 
and very near the exterior surface. 

There is, therefore, a moment to the forces of pressure and of resistance, 
the former being Dz x Ac, and the latter ct x AD; but this does not alter the 
condition upon which the limit of rupture depends ; for if a farther thickness 
be added to the gun, so that its external surface reaches the dotted line BF, 
increasing its thickness from f to F’, the relation of the moments is un- 
changed, or 

Ac:be:: AD: bE, 
with some slight change, however, in the position relatively, both of the centres 
of resistant effort D and £, and of the fulcra of rotation A and 0. 

278. Let us, however, now suppose a new condition. Let it be assumed 
that the caliber of the gun, g, d, continues the same, and the maximum pressure 
per square inch likewise, that the annular shaded space between the circles 
A, f and g, p, were filled up with some perfectly hard substance, possessing 
perfect mobility of its particles (as if it were filled with a fluid, for example, 
which could be confined so as not to flow away), and that outside this, between 
the circle a, f, and the dotted circle B, r, the annular space, represented the 
section of a surrounding cylinder, of the same material as the gun was made of 
before. 

The effective resistance now produced by the square inch of metal is con- 
siderably increased, merely by removing it further from the axis, and interpos- 
ing the thickness p, f of inert material; for the internal pressure per square 
inch remains the same as before, but its energy to extend the metal is reduced 
in the ratio of A,D: 0, z. 


involved in the Construction of Artillery. 287 


279. Again let g, d, Fig. 2, be the caliber of the gun, as before, and g, A its 
thickness, and let us assume this divided into a number of separate, closely 
fitting concentric cylinders, 1, 2, 3,4, 5, 6. Let 
e or D be the middle point between the external 
and internal surfaces of the gun, and let us sup- 
pose that from the interior cylinder 6 to the 
exterior 1, these have been in succession so su- __ 
perimposed, that the three interior cylinders 4, 5, 
and 6, are in a state of compression, while the 
three external ones, 1, 2, and 3, are in a state of 
extension, each set re-acting upon the other in 
virtue of the elasticity of the material, just like so Fig. 2: 
many extended rings of Indian rubber, tightly grasping round the same number 
of already compressed hollow cylinders, of the same material. In this state of 
things, let us suppose pressure applied to the interior of the gun by discharge. 
Its first effect is to act upon the internal compressed cylinders in succession, 
which are in the state of so many compressed springs, and to relax their com- 
pression by extending their circumferences until they have successively reached 
their respective normal lengths, of uncompressed molecular equilibrium; but 
in doing this (as all the rings are absolutely in contact), a certain amount of 
extension has been necessarily produced upon the three outer rings, which are 
now in the condition of springs before slightly, and now still more, extended. 
At this moment the elastic forces of the three internal rings begin to react 
upon the pressure, as effective resistances to extension also, and the state of 
things is such that the whole section of the metal of the gun, represented by 
the six rings, has got into a state of equable extension, and offers effective resist- 
ance to the pressure. But, although the interior rings are, as always must 
happen, subjected to the greatest pressure per square inch of their circumfe- 
rences, they are not in this case the most extended, or extended in proportion 
to the intensity of the pressure, because we commenced applying the pressure 
to them, while they were in a state of compression. 

280. We have thus been able in some degree to equalize the extension of the 
three exterior and of the three interior cylinders; but if we had been able in the 
first instance to cause each successive cylinder to grasp and compress the pre- 
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ceding ones within it, with a force inversely proportionate, to that with which it 
will be afterwards extended, we should have attained, at a certain pressure, a 
perfectly equal extension for all the successive cylinders, so that their united 
resistances might be considered as centered in the middle point ¢ or p, and hence 
that the whole section of metal due to the gun’s thickness from g to a would be 
equally effective, in resisting the internal pressure, as though its resolved forces, 
produced a straight pull on the tangent at e, perpendicular to a,b, and that the 
metal of the gun were a straight bar, of the breadth a, g, and unit of depth, 
resisting in the opposite direction, but in the same line. That this should be 
perfectly true theoretically, the number of successive cylinders must be 
infinite, or the thickness of each infinitely small, in which case it may be shown 
that for a given total thickness of gun, the strength of that divided into suc- 
cessive annular laminz will be increased, over that whose thickness is in one 
solid annulus, in the ratio of 
D'—-D' D?-D” 
pr! DEED 

D’ being the external and D” the internal diameter ofthe gun. For any prac- 
tical purpose, however, it is sufficient to divide the total thickness, into six or 
eight parts; and the requisite compressions of the internal cylinders by the ex- 
tension of the external ones, may be practically and readily produced, by shrink- 
ing them on upon each other, at high temperatures, in the way that wheel tyres 
are shrunk-on; to effect this in practice the length of the external cylinders must 
be not very great. 

281. Lastly, combining all that we have said of 
Fig. 1 and Fig. 2,—if as in Fig. 3, g, d be as before 
the caliber of the gun; that we interpose a certain 
annular thickness g, b, of merely hard inert ma- 
terial, such as a number of longitudinal prismatic 
bars of metal, parallel to the axis of the gun, and 
forming a cylinder of equal voussoirs, and grasp 
these externally, by a set of successive closely 
fitting cylinders, whose total thickness is a, b, and 
of which the inner half of their total number (3 


Fig. 3. 
and 4) is in a state of compression, while the outer half (1 and 2) is in a state 
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of extension :—we have a state of things in which the total section of resisting 
material, A, b, shall be operative against the internal pressure, to the highest 
possible advantage, for— 
1°. We have reduced the moment of strain per square inch of the metal 
of all the cylinders, 1, 2, 3, 4, by removing them further out from 
c, the axis. 
2°. We have equalized the extension, in relation to the maximum pres- 
sure, upon all parts of the metal from 6 to a, so that, it all re-acts 
alike, with an equable strain, and as though subjected to an ordinary 
straight pull. 

282. We have now arrived, therefore, at a built-up gun of wrought-iron, in 
which the external cylinders, A, b, as they cannot practically be superimposed 
and closely fitted, in the required conditions, if consisting each of a single piece 
equal to the whole length of the gun, must consist of a number of compara- 
tively short rings, applied end to end. The longitudinal strains due to the 
projection of the ball or to the recoil, as well as to the coherence of the whole 
together, must, however, be provided for, and for this the internal longitudinal 
voussoir prisms, g, b, are efficient; or a cylinder in one piece may (if not too 
thick) be substituted for these voussoirs. 

A gun or mortar thus formed will consist of one or more plies of longitu- 
dinal bars extending the whole length of the gun, and fitting closely at the 
edges, forming by their internal surfaces (when together), the cylindric cavity 
of the chase, upon which a number of circular rings will be closely fitted by 
shrinking-on, at a suitable heat; and upon these again, other rings (breaking 
joint of the abutting edges), until the necessary strength be reached. Various 
modes of closing the breech end are practicable; but into these or other 
questions of merely operative detail, it is not my purpose here to enter, as we 
are dealing with principles, though not losing sight of practice. The theory of 
the strength of guns thus built up, and the methods of calculating their propor- 
tions, will be found in Note W. Some subsidiary questions remain to be here 
considered. 

283. In guns thus constructed, the whole of the normal bursting strains are 
sustained by the external rings,—their total strength having been determined for 
the maximum pressure per square inch, regard being had to the proper limited 
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value of 7, for often repeated, impulsive strains, as derived from sect. 110; the. 
strain upon the internal longitudinal bars will be derived from equations 
6 and 7, sect. 91, and from the principles enunciated in chapters 18 and 31; 
and hence the total transverse section of these bars, all of which are strained 
alike. 

284. The relation between the longitudinal and the tangential strains, for a 
given internal maximum pressure, depends upon the thickness of the portion 
of the gun resisting the latter, and upon the caliber. 


From equations 1 and 2, e= a Se : (65) 
If we assume such a length of the gun in the line of the axis /, that 
ead 112 
Dit Z 
and hence i a (66) 


The stfains, both longitudinal and tangential, upon this segment of the length 
of gun shall be equal in amount. 

But the forces to resist these separately, are proportional to the total section 
of metal in the transverse section of the gun, and in its longitudinal section 
due to the length 7; and these are 


5 (D? — D'”) = me (D” +), and (67) 
ale = 6 (68) 


which bear to each other the ratio of 
De e 
D" +0: or of 2 (14 pth 


2 
iBs ee iD 
or of 2 + Te) ee 7 ils 
and this is the proportion that the total resisting power of the external rings 
must bear to that of the internal longitudinal bars at a minimum; but, for the 
purposes of reducing the maximum strain upon the former, by removing them 


further from the axis, it will often be convenient and advantageous to give a 
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greater thickness to the voussoir bars, or to the single cylindric tube which 
may constitute the interior of the chase of the gun. 

285. In guns cast or forged solidly, of one piece, and of the usual propor- 
tion of one caliber in thickness, 


e= DYE 
and 
D' = 3 VD 
and the areas of resistance on the length /, are as 4: 1, which is the ratio of 
the tendency to longitudinal rupture, to that for transverse rupture, in guns of 
the established models. 

286. It is indispensable, that the radial joints between the voussoir bars, be 
made originally closely fitting, and that the total extension of the external rings, 
at the moment of maximum pressure, be not such, as shall sensibly open them, so 
as to admit the momentary pressure of the elastic gases of the powder between ; 
if this happen, it is practically the same thing as if the caliber of the gun were, 
for the instant, enlarged by an increase of diameter, equal to twice the thickness 
of the longitudinal bars, and the bursting strain may be thus greatly increased, 
in the same way, as fracture, once begun in the interior of a solid cast gun, adds 
its own depth to the diameter of the piece, as affected by the bursting strain 
(sects. 3 and 4, and Note X). This may be best secured by dividing the internal 
longitudinal bars into two equal thicknesses, one within the other, breaking 
joint longitudinally, so as to diminish the radial depth of the abutting joints of 
the innermost bars, which alone in this case can receive any pressure from the 
explosion. 

287. Thus arranged, and with a properly proportioned strength of gun, this 
difficulty may be fully provided against; for example, in a 10-inch gun, thus 
made, assuming the mean circumference of the external shrunk-on rings to be a 
little more than 6 feet, their total extension at the instant of its maximum (which 
will be after that of maximum pressure) should not exceed 5,4, of their total 
length, = -012 of an inch; and supposing the whole circumference divided into 
15 equal voussoirs, or bars, the extent of opening for the instant between each 
would be ‘0008 of an inch, Jess the lateral extension of each voussoir, produced 
by their compression in the normal, under the force. This will probably be about 
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one-third as much, leaving the opening at the instant between one voussoir and 
the next only 00027 ofan inch. The amount of opening, therefore, would be 
so evanescent, as to preclude the transference of any elastic pressure, into tan- 
gential force, between the joints. Mechanical engineers, best competent to 
judge of the question, will not hesitate to admit, that with the accuracy and 
power of precise repetition of similar regular forms, which we now possess, in 
the lathe and planing machine in their several modifications, no real difficulty 
exists to the perfect formation, and scrupulously exact fitment, of these longitu- 
dinal bars and external rings, at a very moderate cost. Indeed, Mr. Whitworth 
has already actually accomplished incomparably more difficult forms and fittings, 
in the internal longitudinal shell, and external rings, of his patent rifled cannon ; 
which, in the principles of its design, however, differs altogether from that of 
the construction here proposed, inasmuch as the interior longitudinal shell of 
his gun is formed in three pieces of a single thickness each, and his external 
rings are also in a single ply or thickness, by which the entire advantage of 
their separation into laminz, which would nearly double the strength of the 
gun, is lost. 

288. Solid reinforce rings, indeed, have been repeatedly proposed, and fre- 
quently applied to various projects or forms of cannon, but the author believes 
that the peculiar advantages of their application in thin concentric lamine, the 
internal ones of which shall be compressed, by an initial extension, of the external 
ones, has never before been distinctly pointed out, and their adoption proposed 
and urged; the essential and radical distinction being this, that by no arrange- 
ment or variation of design, can a gun be formed in a single ply of rings whose 
strength to sustain an internal pressure shall be greater than the cohesive power 
of the material per square inch of section; whereas, by the subdivision of the 
rings into a number of superimposed plies, each compressing those within it, 
the strength of the gun may be increased so as to bear an internal pressure, 
any required number of times greater than the ultimate cohesive power of the 
material; in fact, may be increased ad injinitum. 

289. The investigation (in Note Y) may appear to render the operation of 
shrinking-on the subdivided rings in succession, a very delicate and difficult one ; 
and so it would be, were it in practice necessary to take any very precise ac- 
count of the temperature at which each ring is to be placed upon the previous one; 
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but, as has been already remarked (chap. 10), all writers on Physics have copied 
each other in the error of inexact physical conception involved in equation 3, 
sect. 88, which properly applies only to absolutely rigid and perfectly elastic 
solids, to which even iron in its cold state only approximates. Iron softened, 
and rendered ductile, by a high temperature, however, is no longer in the same 
condition. 

290. For example, the contraction of a wrought-iron bar of an inch square 
is about z5455 of its length for a change of temperature of 15° Fahr., and a 
mechanical strain of one ton produces about a like extension ; and this continues 
nearly true for both, throughout whatever range of temperature and of strain, 
while the molecular structure of the bar remains the same; but if the bar be 
heated 900°, or 60 x 15°, it will expand, and in cooling again contract, through 
rather a greater range than ;,°9., of its length; yet it does not follow, that 
after its cooling and contraction, a strain of 60 tons will remain upon the bar 
at its extremities, if their approach be prevented: it is impossible,—for the total 
power of the bar (1 inch square) to resist rupture, is only from 14 to 30 tons, 
at most. 

* 291. What, then, doeshappen? The bar, heated until its molecular condi- 
tion is altered, and part of its rigidity gone, and replaced, by a new state of duc- 
tility and softness, amounting in the extreme case almost to plasticity, is no longer 
in a condition to transmit the force of its own contraction, and the latter is 
expended, not in labouring force at the extremities, but in work done in elon- 
gating the bar itself, whose length becomes permanently increased, and in 
altering its form, and the effort finally expended upon the extremities, is only 
the residual strain, or difference between the total force of contraction, and that 
already expended in altering the length (and with it the other dimensions) of 
the bar. Thus, the experiments of the Franklin Institute upon the tenacity of 
wrought-iron at various temperatures proved that— 


At 800° to 900° Fahr. + 
LOS07 «,, 4 
1240° _,, 2 
Pant Bs, Ts 


of the maximum tenacity of the metal, at ordinary atmospheric temperatures, 
were destroyed; while at 3945°, its fusing point, according to Clement and 
VOL. XXIII. 2Q 
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Desormes, its tenacity sinks to zero. So that, if we take the normal strain of 
rupture, for good wrought-iron, at 24 tons per square inch, the proportion in 
which the total contractile force is divided, between contractile strain at the 
extremities after cooling, and elongation of the bar previously, is— 


Known to Effort of Effor 
BEER Workmen as Contraction. ue: 
Fahr. Tons. 
800° to 900° | Black-red. 18 
1050° Low-red. 12 
1240° Bright-red. 8 
1317° Yellow. 7 
3945° White. 0 


292. All which, is in perfect accordance with the principle, ué tensio sic vis. 
This indicates, therefore, that in practice, there is no objection to shrinking-on 
the successive rings, at temperatures much higher than theory, based on the 
usual incorrect view of the relation of expansion and contraction by heat to 
the molecular constitution of metals, would fix as the limit; besides which, the 
most simple means are at hand, to regulate to any extent the final tension of 
each ring upon the preceding one; for, if the internal and external diameters 
of any two rings to be superimposed, be made such that, when heated to the 
previously fixed upon temperature, they shall be precisely alike, the tensions 
and elongations shall bear to each other the ratios of the preceding Table; but 
it is in our power, to make the internal diameter of the outside ring exceed 
the external diameter of the inside one, when both are at this temperature, 
by any small fraction we please, and thus permit a certain amount of wnresisted 
contraction to occur in the outer ring, when superimposed, before it finally 
grasps, and begins to compress the inner one, and thus, with perfect prac- 
tical facility, all the rings of any series, however large or numerous, may be 
shrunk-on over each other, and caused to produce any assignable degrees of 
extension and of compression, (within the possible limits), and yet all the rings 
be shrunk-on at one temperature, and that one a full red heat. 

293. This latter temperature would seem more advisable in every instance, 
than one considerably below it, at least than any one below a low or “ cherry- 
red” heat, however small may be the amount of final contractile strain desired ; 
for at or a little below this latter temperature, the molecular condition of 


involved in the Construction of Artillery. 295 


wrought-iron certainly undergoes a sudden change, and the rapidity of increase 
of the rigidity of approaching coldness, is such, that the mechanical strain 
brought upon the metal, is likely to produce rupture, for the heat is sufficient 
to diminish the tenacity of the material, though not to much increase its 
ductility. Rings shrunk-on upon each other, therefore, at temperatures under 
1100° Fahr. should be placed in an annealing oven, to cool with greater slow- 
ness. The best practice, however, will be, to shrink-on every ring upon the 
preceding (with the necessary allowance for external and internal diameter), at 
a full red heat, say from 1200° to 1300° Fahr., in which case, the metal may be 
safely permitted to cool at the ordinary rate in air, or may be even suddenly 
cooled by plunging into water, without danger of rupture. 

294. It does not admit of question, that this general method of construction, 
for cylinders exposed to great internal pressure, admits, from its practical faci- 
lity of execution, of numerous other valuable applications, as well as to guns; 
for example, to the cylinders of hydraulic presses, for which wrought-iron, thus 
applied, would afford a valuable, trustworthy, and economical substitute for 
cast-iron, which the history of the Britannia and Conway Bridges, and many 
other instances, have proved so impossible to rely upon. 

295. It has been stated that wrought-iron rings, thus shrunk-on at a sufli- 
ciently elevated temperature, may be cooled suddenly with impunity. Such is, 
in fact, the general practice with mechanical engineers in shrinking-on the tyres 
of the wheels of locomotive engines, and of other railway wheels; and for these 
purposes, provided a safe amount of tenacity remain in the tyre to provide against 
the effects of centrifugal force, and of accidental blows and strains, the harder 
and less extensible the tyre the better (although some lamentable accidents in 
the flying off of driving-wheel tyres prove that this is not always insured ),—but 
for application to the construction of artillery, it is never to be commended. 
The value of a long range of extensibility, in the material for ordnance, has been 
already fully proved. Wrought-iron will be brought into use for this purpose 
to the most advantage, when we preserve this the greatest—when, in fact, it is ina 
state, presenting the yielding extensibility of gun-metal, in combination with 
the resilience and higher tenacity, which are its own. These constitute the real 
merits of wrought-iron, as a material for ordnance, and it shares them in no 
respect with steel, or with any other known material. 

2Q2 
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We shall elicit these properties most fully, when the wrought-iron applied 
has been slowly cooled—in other words, has been annealed; and this neces- 
sarily happens, when the shrunk-on rings are permitted to cool slowly, while, 
(with many classes of hard “steely iron,” like the Swedish, if suddenly cooled, 
an approach, more or less complete, is made) to the brittle and dangerous con- 
dition of hardened and untempered steel. 


34.—Of the Relations between Annealing and Tenacity. 


296. It will be desirable, therefore, to make some remarks on the subject 
of annealing wrought-iron,—one upon which our experimental information is 
deplorably deficient. 

That the condensation, produced by “ hammer-hardening,” and, still more, 
the longitudinal arrangement of crystal induced by lamination, rolling, and wire- 
drawing, considerably increase the longitudinal tenacity of iron, copper, and 
several of the alloys of the latter, is certain. The evidence of itis most remark- 
able in the case of fine brass wire, which, when hard from the draw-plate, closely 
approaches wrought-iron in tenacity, resisting, according to Baudrimont, to 
87,000 lbs. per square inch. On the other hand, that “ annealing” is attended 
with a greater or less loss of tenacity, appears to admit of little doubt; but 
to what extent this loss reaches, in proportion to the temperature, &c., still re- 
quires additional experimental investigation ; for the experiments hitherto made, 
appear only to have had regard to the absolute final force required for rupture, 
and to have taken no note of the increased range of extension, induced by the 
annealing. Yet, upon both of these, the “ work done” in producing rupture 
depends, and it may not improbably be ultimately found, that the coefficient 
T,, is not altered at all by annealing, but is, for the same iron or other metal, 
a constant, only changeable in the ratio of the factors whose product it is. 

297. Even the temperature at which that change of molecular condition 
which constitutes perfect annealing, takes place, remains yet to be determined, 
for every metal. There seems to be, at least, a fixed and rather narrow range 
of temperature, for every metal, without the limits of which annealing does 
not take place, and the mean temperature within this range appears to be more 
elevated in proportion as the metal itself has a higher fusing temperature. 
Thus platina, after lamination or wire-drawing, is not annealed, under an 
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intense white heat; wrought-iron is perfectly annealed at a clear bright red 
(about 1200° Fahr., according to the experiments of the Franklin Institute) ; 
copper anneals perfectly at a very low red heat, scarcely visible in clear day- 
light; and zinc at a still lower temperature. Some metals, of very low fusing 
points, such as lead and tin, probably owe their apparent incapability of 
becoming hardened by lamination or wiredrawing, to their annealing tempe- 
ratures being so low, that the heat evolved in the process, is sufficient to anneal 
them, i. e. to prevent that change in the mutual relations of the particles, 
whether one of distance or of position, upon which hardening depends. 

A rich reward awaits the physicist who, in a comprehensive manner, shall 
first, experimentally, attack the question of the molecular changes produced by 
hardening and annealing ; it has been as yet almost unattempted. As respects 
the material with which we are immediately engaged,—wrought-iron,—Baudri- 
mont, in a very valuable paper (“‘ Ann. de Chim. et Phys.,” t. ix.), appears to 
have ascertained, that a temperature above that of “ cherry red,” perhaps, about 
1150° Fahr., is necessary for annealing it ;—that at a white heat it is almost 
instantly annealed, and at the same time suffers more or less a change of crys- 
talline structure ;—and that a certain amount of tenacity is lost by annealing 
platinum, iron, copper, and some of its alloys. 

298. The changes in volume, or density, induced by mechanical pressure, 
and by annealing of the same wrought-iron, he found, by some delicately con- 


ducted experiments, as follows:— 
Specific Gravity. 


Iron wire compressed by the draw-plate, . 7°6305 
CDN EALCC gre oe tw, GOO 
Jronwlaminateds stay is. bo yor Sc as os . TID 
The same, annealed,. . . . . .. +. 176000 
» laminated asecondtime, ... . 77312 
ssupnammer-hardened, . >. «>. »@f433 


His results for copper, which probably, judging from Dussausoy’s results, 
would approximately apply to gun-metal, are as follow:— 


Copper, fused and cooled slowly,. . . . 84525 
» compressed by the draw-plate, . . 8°6225 
ai) tannealeda ve asia. OG ters OD 
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Copper; laminated, js »s i.e 8024 ee SASL 
The-sdme\sannegledjpe vy f- Ais se 4025 

» laminated asecondtime,. . . . 84719 
» dammer-hardened, . . . . . . 85079 


The volume, thus, is sensibly increased by annealing, presenting in this a 
remarkable opposition of fact to steel, whose volume is increased by hardening 
on sudden cooling. 

299. The experiments made by the Franklin Institute, and forming part 
of its Report on the Strength of Materials for Steam-boilers, to the American 
Government (1831-1837), although, perhaps, the only systematic ones made, 
present results so discordant as scarcely to admit of confidence. 

It would follow from them, that, in round numbers, wrought-iron, whose 
strength before being annealed was 53000 lbs. per square inch, becomes 
46000 lbs. per square inch after annealing. 

They conclude, that the diminution of tenacity is nearly in proportion to the 
elevation of temperature of annealing, but “were not able to detect any essen- 
tial change of specific gravity,” before and after; they add, that “in some 
cases the difference between the strength previous to annealing, and that exhi- 
bited afterwards was so small, that it was difficult to refer it to any other cause 
than the original inequalities of structure. These experiments merely related 
to the force of ultimate rupture, and as no measurements of extension appear 
to have been made for hard or annealed bars, or at high temperatures, it is im- 
possible to compare the “work done” on the rupture of the same bar in the 
several conditions. This renders these otherwise careful and elaborate expe- 
riments of very little value. A few comparable results (on wires) are con- 
tained in a paper by M. Payen (Ann. des Mines, t. vi. 3me ser.) :—“ De la 
puissance mecanique consommé par le tirage a froid des fils,” &c. An iron wire 
having been passed several times through the draw-plate, of one millimetre in 
diameter, broke with 52 kilogrammes ; having been only once passed through 
‘the plate, it broke with 40 kilogrammes ; and having been annealed, it broke 
with 30 kilogrammes. 

300. The elongation at rupture, in the first case, while quite hard, was only 
0"-004 ; after annealing, it was 0":200 at rupture. The diameter of the wire 
increases by annealing 0°055. If we attempt to test this by the “ work done” to 
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produce rupture, we find that although the strain is so much less on the 
annealed wire, the work done to produce elongation and rupture is far greater 
in it, than in the hard wire:— 


Hard, . . 3$(52 x 0:004) = 0°104, 
Annealed, . 3$(80 x 0200) = 3-000, 


or in the proportion of nearly 29:1,—a result, which, if even approximately 
correct, gives abundant corroboration of the views herein enunciated as to the 
value of soft and ductile wrought-iron for artillery. A paper of Baudrimont’s, 
on the diminution of tenacity due to annealing (Ann. de Chim. et Phys., t. 60, 
p. 78), is deserving of attention here. 


35.—Of Trunnions or other Fulcra, in Relation to Built-up Guns. 


301. In the attempts heretofore made (in modern times), to construct built- 
up wrought-iron guns in single-ply rings, trunnions have been formed, attached 
to one of the rings, and the gun has been mounted as much as possible in the 
ordinary way. It has been already shown (chap. 31) that every gun, whether 
solid or built up, is weakened by this mode of mounting, but when applied to 
built-up guns in rings, its effects are fatal; the recoil at every discharge tends 
to dislocate the rings from each other, and to move them relatively forward 
upon the internal longitudinal bars ; a circumstance that has actually produced 
the destruction of some such guns tried at Woolwich. 

302. Wrought-iron built-up guns of large size should, therefore, for every 
reason, be so mounted, that the whole force of the recoil should be expended 
upon a fulcrum placed directly in the line of the axis, and behind the breech, 
much in the same way as the ancient wrought-iron cannon (bombards, serpen- 
tines, and chamber pieces) were mounted (Note A), and that this can be done 
with perfect facility, and without sacrifice of any of the requirements or advan- 
tages of the usual method of mid-length trunnions, probably no competent artil- 
lerist or mechanical engineer will be found to doubt; although, because a devia- 
tion from the “routine” of some centuries, any such arrangement is certain to 
meet with opposition in the first instance,—in fact, so far from the abandonment 
of trunnions being a disadvantage, it would be attended with the immense ad- 
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vantage of giving facilities for the absorption of recoil by means of elastic mate- 
rial, pressed upon by the breech of the gun, instead of by the crude expedient 
of mere mass in the gun itself, and thus would permit portability in the guns, 
and lightness in the carriages, more especially of garrison guns, and other less 
obvious advantages, not otherwise attainable. This method of dispensing with 
trunnions, and still permitting elevation and depression of the gun with facility, 
was actually carried out, with great mechanical skill, in the ancient Serpentine 
described in Note A. 

303. To recapitulate :—The advantages, then, which the method now pro- 
posed offers, for the construction of built-up artillery, of wrought-iron, are, as 
respects the material itself :— 

1°. The iron constituting the integrant parts, is all in moderate-sized, 
straight, prismatic pieces, formed of rolled bars only ; hence, with 
its fibre all longitudinal, perfectly uniform, and its extensibility 
the greatest possible, and in the same direction in which it is to 
be strained; it is, therefore, a better material than any forged iron 
can by possibility be made. 

2°. The limitation of manufacture of the iron, thus, to rolling, and the 
dispensing with all massive forgings, insures absolute soundness 
and uniformity of properties in the material. 

3°. The limited size of each integrant part, and the mode of preparation 
and combination, afford unavoidable tests of soundness and of 
perfect workmanship, step by step, for every portion of the whole; 
unknown or wilfully concealed defects are impossible. 

4°. Facility of execution by ordinary tools, and under easily obtained 
conditions, and without the necessity either for peculiarly skilled 
labour, on the part of “heavy forgemen,” or for steam or other 
hammers, &c., of unusual power and very doubtful utility ; and 
hence, very considerable reduction in cost, as compared with 
wrought-iron artillery forged in mass. 

5°. Facility of transport by reduction of weight, as compared with solid 
guns of the same or of any other known material. 

304. And, as respects the mode of application,— 

6°. A better material than massive forged iron is much more scientifi- 
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cally and advantageously applied,—the same section of iron doing 
much more resisting work, as applied in the gun built up in com- 
pressed and extended plies, than in any solid or other gun. 


7°. The introduction thus into cannon, of a principle of elasticity, or 


rather of elastic range (as in a carriage-spring divided into a 
number of superimposed leaves), greater than that due to the 
modulus of elasticity of the material itself, and so acting, by dis- 
tribution of the maximum effort of the explosion, upon the rings 
successively recipient of the strain, during the time of the ball’s 
traject through the chase, as materially to relieve its effects upon 
the gun. 


In a word, we secure better material, and apply it better in place. It is 
upon these principles that the author has designed for Government the great 
36-inch mortars, to throw a shell of a yard in diameter, and weighing in flight 
above 8000 pounds, which are now in process of manufacture. 

305. In conclusion, it will be desirable to offer some remarks, in refutation 
of the principal objections that have been made, or most obviously present 
themselves, to wrought-iron guns generally, and to built-up guns, or those 
formed in several separate pieces, in particular. 

These are pretty fully enumerated in the extracts from Reports made to the 
American Government on wrought-iron guns (Note Z); and refer either to— 


1°. Difficulties and uncertainties of manufacture, weldings, &c., common 


to all large forgings. These we fully admit, and, in what precedes, 
propose altogether to evade, by another and a better method of 
construction, which dispenses with large forgings. The special 
modes of failure and their causes, which many of the largest and 
most recent cases of proof of heavy wrought-iron guns forged in 
one piece have presented, are recited in Note AA. 


2°. That all that can be gained by the use of wrought-iron for guns is 


VOL. XXIII. 


comprised in lightness and strength; that the former is, in fact, 

not desirable, because, unless the weight is, in field guns, to that 

of the shot, at least as 140: 1, and in battering guns as 200 : 1;— 

the recoil is too great, and is inconvenient. This objection rests 
2R 
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wholly upon the assumption, that there is no other possible mode 
of absorbing recoil, except by the crude expedient of mass in the 
gun; and loses sight of the many important advantages which 
lightness can confer, taken in just connexion with all other rela- 
tions (Note BB); nor is it an inevitable consequence of increased 
strength of material, that in every case the weight shall be reduced 
in the inverse proportion. 


3°. That a given number of rounds produces a greater enlargement of 


bore, in the ratio of nearly 2 : 1, than in gun-metal, and hence 
uncertainty of range, aim, &c. This result, deduced from the 
utterly insufficient data of one set of experiments with a 6-pounder, 
is merely a misstatement as to the general fact, as the preceding 
pages have probably sufficiently proved. 


4°. That from want of hardness in wrought-iron, as compared with 


cast-iron and gun-metal, a seriously objectionable amount of rifling 
and ballotage, or pitting, from the passage of the shot, is to be 
expected, and, therefore, from this and the following cause, a 
defect of durability. This also is contrary to all the facts of the 
case. Wrought-iron is much harder than gun-metal in resisting 
abrasion, as the fact known to every one, that the gun-metal 
bearings of axles, such as those of railway carriages, wear much 
faster than the wrought-iron axle proves; they are for this very 
reason, made of gun-metal, to save the wear of the axle at their 
expense. Cavallo’s experiments (Nat. Phil. vol. ii. p. 147) also 
prove this directly. As respects cast-iron, the difference is almost 
inappreciable between cast-iron best fitted for guns, and wrought- 
iron, and in favour of the latter in too many instances from the 
undue softness and friability of the cast-iron employed. 


36.—Particular Conditions of Wear of Guns in Service. 


306. The wear in service of every gun is made up of the rifling out of the 


whole length of the chase by the passage of the shot, and of the ballotage, or 
pitting, produced by the stroke of the shot, which, for shot of the same caliber 
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and velocity, will be inversely proportionate to the hardness of the material of 
the gun. 

In this respect cast-iron can offer but very slight pretensions, if any, over 
wrought-iron, while both are immeasurably superior to bronze, and steel to all 
of them. 

307. A third condition of wear, different from either, has been ascertained 
by careful examination of the heavy guns of the United States Government, 
known as Columbiads, after sustained firing, and is both novel and interesting. 

It was found that a considerable enlargement of bore took place, all upon 
the upper part of the interior of the chase, just above, and in advance of, the 
position of the shot, when rammed home. 

The greatest enlargement being at about an inch in front of the centre of 
the shot, and extending as far as three or four inches forward of that point; the 
surface of the bore here was cut into ridges and furrows, while the opposite 
side, under the ball, for three or four inches in length, was smoothed and bur- 
nished as if the shot had rubbed forcibly over it. 

The explanation of this is very instructive. The ball, rammed home, and 
resting on the lower side of the chase, leaves the whole of the windage open, 
as a lunaric area, greatest at the upper side, as in diagram, sect. 77, At the 
moment of explosion, and before the ball’s inertia has been overcome, so that 
it begins to move, as well as during the first instant of its motion, the flame, 
and perhaps some unignited portions of the powder, are driven out through this 
lunaric aperture, and past the ball, with enormous force and velocity, both 
almost reaching the possible maximum, for fired powder. This tremendous 
blow-pipe, acts upon the interior of the bore at each discharge, precisely in the 
same way as the issue from the vent, acts in enlarging it, in cast-iron guns, 
burning away the graphite first, as the most ignitible material, and then burn- 
ing and blowing away, as oxides and sulphurets, the intervening finely divided 
fragments of the iron itself. 

308. The wear is not uniform, but in ridges and furrows, and for precisely 
the same reason that the enlargements of the vents, of which numbers have 
been accurately figured (see “ Experiences faités a Gavre, en 1836, sur les 
Bouches a Feu,” &c., Paris, 1837), are all in irregular curved, triangular or mul- 
tiangular forms. 

2R2 
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The first particles of graphite removed, produce a slightly increased area of 
passage at one place, which results in a greater velocity of the issuing flame 
and gases at this place of greater area, (on the known principles of Pneuma- 
dynamics); but the greater velocity here, produces again a greater proportionate 
wear and abrasion ; hence, the moment the cylindrical figure of symmetry, is 
once lost, the tendency to produce irregularity of section is constantly aggran- 
dized up to a very wide limit, when, at avery large section of aperture, the wear 
all round would again tend to return to uniformity, with a certain constant of 
surface irregularity, dependent upon the degree of heterogeneity of the material. 

This stelliform cutting away of the cast-iron, at the vents of the Columbiads, 
and other large guns, was found after 300 rounds (8-in. guns) to exceed an 
inch in diameter from point to point, and after 600 rounds could not be 
embraced by a circle of two inches diameter. In no single respect, is the minute 
subdivision of the graphite, and uniformity of texture in the cast-iron for guns, 
so important as in this, and in none would the superiority of wrought-iron be 
more manifest. 

309. The polish or burnishing of the lower surface of the bore, at the place 
of the shot, proves that its rotation, by friction against the chase, does not com- 
mence instantly upon its first movement, but that it slides for a short distance 
before the frictional grasp of the ball against the bore is able to overcome the 
inertia of the shot so as to produce rotation; and this also indicates, that at 
every grazing stroke, afterwards, of the shot against the side of the chase in its 
progress towards the muzzle, the mutual friction must be that of rubbing or 
sliding, and not that of rolling surfaces ; indeed of rubbing surfaces often, with 
proper contrary motions, when the ball has acquired previous rotation. So 
that ballotage, is not a wear merely by the grazing stroke of the ball at a very 
small angle, condensing and pitting the substance of the gun; but an actual 
abrasion and degradation of its substance, due to rubbing friction at these 
points of maximum pressure, carried beyond the limits of endurance of the 
metals. 

310. These circumstances throw much light upon the great economy in 
wear of the chase, produced by the use of the sabots or other solid wads. It is 
obvious also from the consideration of all the conditions of wear here pointed 
out, that any conclusions as to material for guns derived from tests of hardness 
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made by the American methods of trial, viz., by the depth to which a given 
prism can be forced by a given weight into the material, must lead to entirely 
fallacious results,—uniformity and chemical relation to combustion being as 
much elements of wear as hardness. 

311. The extent of rifling, or actual scoring away of the metal, at each dis- 
charge, for shot of the same caliber and velocity, can only be determined by expe- 
riment; but inasmuch as the mechanical part of the reaction is of the same nature 
as that producing mere friction between surfaces, there cannot be much doubt 
that the loss of metal at each discharge of cast-iron spherical shot, of equal 
calibers and velocities, from guns of the same length, but of different materials, 
will by abrasion only, be some function of the coefficient of friction of cast- 
iron upon each of these several materials. Now, Morin’s experiments, though 
not embracing exactly what we require, assign the following values for the 
friction of cast-iron, wrought-iron, and bronze, in terms of the pressure, when 
in movement on each other :— 


Cast-iron on cast-iron, eee oe Ola 
Cast-iron on bronze, . . . . O15 
Cast-iron on wrought-iron, . . 0-16 


The latter is doubtful, as the wrought-iron appears to have been the moving 
body. We have no corresponding results for steel. These figures, then, would 
indicate that the loss of material by abrasion only, will not greatly differ in any 
of these cases. 

312. It may appear, that no analogy holds, between friction in which the 
pressure is kept within the limits of sensible abrasion, and that of scoring out 
by the rapid shave of a shot in traject; but all friction consists in abrasion, only 
reduced in degree, and Morin’s experiments proved that the resistance to motion 
produced by it varied directly as the pressure, and was wholly independent of 
the velocity. 

313. It follows, however, that for guns of the same material, and with the 
same velocity of shot, the wear from this cause, i. e. the weight of metal shaved 
off at each discharge, will increase with the weight of the shot, or as. D*; while 
for different velocities it will vary as V’, upon the accepted principles of vis viva. 
With variable charges of powder, and the same shot, the grooving and enlarge- 
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ment by combustion and abrasion will be greater as the weight of powder is so, 
and will be greater for chambered guns with elongated cartridges, which ignite 
more slowly, and hence give a longer period of issuing flame before the shot 
moves, than with cylindric bores or quicker igniting powder. The practice 
with any recorded example of wrought-iron guns has been scarcely sufficient to 
enable proof as to durability to be drawn from it. We have, however, the 
following from Major Talcott (Report to the American Minister of War in 
1832) upon a wrought-iron 6-pounder, which fired sixty-three rounds with one 
shot and 1} lbs. of powder, at Watervleid Arsenal :— 

“ The iron seems of good quality, tolerably hard for forged iron, and the 
inequalities of the shot have made very little impression upon the bore,—nothing 
like the effect that would have been produced upon a brass gun subjected to 
the same trial.” 

The wrought-iron 32-pounder made some years since in one solid piece of 
wrought-iron, under the direction of Captain (now Colonel) Simmons, R.E., is 
understood to have suffered no perceptible injury in this respect by the practice 
carried on with it at Shoeburyness. Whatever this objection to wrought-iron 
may be worth, it has certainly been much overstated. 

314. The extent of ballotage depends not only upon the material of the gun, 
and the other conditions above stated, but upon the amount of windage, which, 
as it is greater, allows more play to the shot in its passage, and lets it strike the 
sides of the chase alternately at a greater angle. But as wrought-iron guns 
have the advantage in point of strength, so the windage may be diminished in 
them with safety, and thus, while this evil may be reduced, greater accuracy 
of aim, and either longer range or economy of powder, secured. 


315. 5°. That the rapid corrodibility of wrought-iron by air and moisture, 
and by the residue of the powder, is such, that wrought-iron guns 
would rapidly become unserviceable, through enlargement of the 
bore, by mere corrosion. The comparative relations of the four 
metals has been already made (Chap. 32, Tables xv1—xVU. ) on accu- 
rate data, and this objection shown to be perfectly groundless. 
The degree of corrosion, from any, or all, of these causes, will be 
quite the same upon a square inch of surface, of the exterior or 
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interior of a musket or fowling-piece, as upon a wrought-iron can- 
non; but who ever heard of either having become enlarged or 
destroyed through inevitable corrosion, under circumstances of 
ordinary care and cleaning, alike applicable to both? 

Examples are given, in Note A, of wrought-iron guns that have 
been exposed to the weather for centuries, and yet are nearly as 
serviceable as they ever were. 

6°. And lastly, that “wrought-iron guns have been repeatedly attempted 
to be made, and have never yet succeeded,” therefore, they never 
will succeed ; and, in any case, the doubtfulness produced by 
“previous failures, as to the safety of any such gun, must produce 
a very bad moral effect on the gunners who serve them.” 

With what fully equal force might this have been brought for- 
ward when cast-iron guns were first proposed, made, and gradually 
introduced; and at last have superseded all gun-metal guns for 
garrison, naval, and siege use; although not known, in England 
at least, prior to the middle of the sixteenth century, and attended 
with many failures, not only at first, but even to this day ; and 
how entirely does it ignore the vast changes in metallurgic know- 
ledge and manipulative power that have taken place within the 
last thirty years, as respects iron. 


316. The Special Objections to Wrought-Iron Guns, built up of separate pieces, 
—so far as they have occurred to, or have been heard of by, the author— 
are :— 


1°. That the integrant portions of the gun cannot be insured to act 
together, or with the required concert of resistance, to the explo- 
sion, &c. This appears to be disposed of by what precedes; in 
which it is shown that the very aim and purpose of a gun, built 
up in the way proposed, is to produce the certainty of greater con- 
cert and unity of reaction of all the parts of the gun against the 
discharge, than is physically possible in guns cast or forged in one 
solid piece. The dislocations which have been the frequent 
results of the very first discharge, from many built-up guns within 
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a short time, presented by their projectors for proof at Woolwich, 
have arisen in every case from gross ignorance, on the part of their 
designers, of the first and most obvious dynamic and other princi- 
ples, upon which the arrangement and proportioning of such must 
depend. 

2°. That the injurious effects of internal local heating, and unequal expan- 
sion, must be far more destructive of such guns than of those 
formed in a single mass. ‘This is exactly the contrary of the con- 
clusion that a just consideration of the properties induced by the 
construction, in internal compressed and external extended plies, 
warrants, as will be obvious to the mathematical reader of Note 
CC and Chaps. 8—14. 

3°. That increased, and a highly injurious form of, corrosion may be 
expected to occur in such guns, penetrating the joints between 
the adjacent rings, &c., and so forcing them asunder. The simple 
answer is,—abundant means are at hand, to so far prevent all 
corrosion, that the objection has no weight; nor has this taken 
place in the old bombards, to which no care has been given 
(Note A). 


37.—-Resumé and Conelusion. 


317. We have thus pursued the subject to its end—which never contem- 
plated any but incidental treatment, of the practical mechanical operations, 
necessary to the perfection of ordnance, important as these are, and well 
deserving of a separate work, of greater compass than has yet appeared ; 
but rather the bringing such light, as the exact and systematic application 
of physical and mechanical science could throw upon the chief principles, on 
which the true design in form and fabric, and the choice and modes of appli- 
cation of materials for artillery, must rest. 

The author, so far as his reading has enabled him to judge, believes this 
has been now attempted for the first time in a collected form. 

318. Many and elaborate experimental researches will yet be requisite 
before all the data, upon which the art of the gun-founder must rest, shall be 
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acquired ; even some of the most initial, have still to be asked for. Thus, how 
almost incredible it seems, that in the whole military and civil literature of the 
world, as bearing on the subject, it cannot be found that the ultimate crushing 
weight for prisms of gun-metal, the coefficients of its extension and compression 
in terms of the strain ; in fact, not one of its physical data, have as yet been accu- 
rately determined. Yet this is the main material with which the artillerists of 
Europe have been dealing, ever since the dawn of modern science (Note DD). 

319. To recapitulate in brief the subjects that have been discussed, and the 
conclusions, so far as they have been arrived at :— 


lS 


2°. 


3. 


4. 


5. 


6°. 


The molecular structure of cast and of wrought-iron are now for 
the first time cleared from the confused and perplexed state in 
which our knowledge remained, and brought under a single crys- 
tallographic law; which, like every truth, when once grasped, 
not only becomes a light to clear up the darkness and confusion 
behind, but enables us to predict the results of combinations and 
circumstances yet to arise. 

The application of this law to cast-iron in cannon has shown the 
nature, causes, and positions of “planes of weakness ;” their 
results in producing fracture, and the modes of their avoidance. 

The application of the law to wrought-iron has shown the true rela- 
tions of the mass, and mode of formation, to the strength, elasti- 
city, and other properties of wrought-iron guns. 

The effects produced by mere changes of mass, all other conditions 
being the same, have been shown both for cast and wrought-iron. 

The physical conditions of moulding and casting guns, in cast-iron 
(irrespective of any questions of mere manipulation or of practical 
detail) have been in a determinate manner discussed, their prin- 
ciples endeavoured to be fixed, and the relations of temperature, 
molten pressure of head, rate of cooling, &c., indicated. 

The relations as to “fitness of make” and quality of cast-iron for gun- 
founding, of British and foreign cast-irons have been compared ; 
mistakes as to the supposed superior and inimitable value, of the 
latter corrected ; and the principles pointed out upon which British 
cast-iron suited to gun-founding may be readily obtained. 
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7°. The relations also of British and foreign wrought-iron have been 


5) 


(oo) 


pointed out, and some popular notions of the invariable supe- 
riority of the latter brought into question. 


. The principles upon which depends success in future efforts to pro- 


cure large masses of wrought-iron, of reliable quality, have been 
deduced from the principles ascertained as to its molecular consti- 
tution, as determined by the mode of manufacture. 


9°. The difficulties affecting the applications of gun-metal have been 


10°. 


ilies 


12° 


13° 


14° 


treated with more regard to chemical and physical science than 
appears to have been previously done, and some suggestions offered 
as to directions of probable improvement in the methods of alloy- 
ing and moulding the metal ; with explanations not before given, 
of some of the singular and obscure phenomena of its conso- 
lidation. The most elaborate previous treatises on this subject, 
such as those of Massas, Meyer, and Hervé, left very much to be 
desired, and much remains yet to be investigated. 

The general comparison of physical, and other properties, of the 
four great materials for ordnance has been finally reduced to tabu- 
lation, and their fiscal relations compared. 

The important relations of elasticity and extensibility, to ultimate 
strength, in guns of whatever material, have been discussed,and the 
result pointed out,—that mere tenacity is not a sufficient guide ; 
that the safe coefficient of rupture, cannot be taken at more than 
one half that safe for static loads, since the extension for impulse 
is double that for passive strain. 

The important relations of elasticity to crystalline axis in wrought- 
iron, developed by the application of the general law of its crys- 
tallization, has been made the basis, in connexion with the theo- 
retic conditions of resistance to internal pressure, for proposing 
a better combination of wrought-iron in guns; in principle, radi- 
cally different from anything previously brought forward. 

The prevalent notions, as to the vast superiority of steel as a mate- 
rial for ordnance, have been, it is hoped, assigned their just value. 

The nature and effects of distortion by unequal temperature, in 


16°. 


18°. 


20°. 


Pale 
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guns have been pointed out, and the conditions of their injury or 
destruction thereby shown ; the precautions necessary in firing 
red-hot shot, &c., indicated; some ancient mistakes rectified ; and 
the comparative values of the four great materials for ordnance, 
in respect to distortion, ascertained. 


. The long-vexed and confused question, as to the presumed deterio- 


ration of wrought-iron at common temperatures by vibration, has 
been cleared up, in a great degree, by the application to it of 
the general law of crystallization ; the causes of the changes of 
fracture, under the stroke of shot, pointed out for the first time ; 
with a comparison of the effects of the stroke of shot upon the 
four great materials of ordnance. 

The relations of the rapidity of the exploding agent to the material 
of the gun have been discussed, and some more precise views 
advanced of the nature and conditions of wear, and enlargement 
of vent and bore in guns. 


. The effects of position, with respect to the axis of the gun, upon 


the ultimate resistance of the metallic filament, has been investi- 
gated in a new light, and its relations to,— 

The effects, on the resistance of the gun, of the position of its trun- 
nions, or other fulcra of recoil, and of the simultaneous action of 
forces of extension and compression within its mass. 


. The doctrines of authors on Physics, as to the relations between 


the force of contraction or expansion by heat, and corresponding 
mechanical effect in metals, has been placed in a new light, and, it 
is hoped, with some advance of truth. 

Some new views as to the nature and effects of annealing, and the 
relations between the temperature at which it takes place, and 
that of fusion, and of the work done by rupture, on hard or un- 
annealed and on soft or annealed metals, have been adduced. 

The relative advantages, and the objections which may be urged 
against the adoption of wrought-iron guns, and especially of that 
peculiar construction proposed, have been discussed, it is hoped, 
in a true and impartial spirit. 

282 


312 Mr. Mattet on the Physical Conditions 


320. If universal civil engineering experience has, after the most careful in- 
quiry abandoned the use of cast-iron wherever impulsive and tensile forces are 
together concerned in structures or machines, and substituted wrought-iron, it 
is difficult to discover any reason why the same should not be done in the 
construction of artillery; which is in itself essentially a work of civil or mecha- 
nical engineering ; admittedly so, according to some of the ablest military 
authors. ‘De este modo la Artilleria es sencillamente una aplicacion imme- 
diata de la mechdnica, contraida al estudio de una especie particular de maqui- 
nas” (Senderos, Elem. de Artil.) 

The advocacy of this, the attempt to facilitate and perfect it, have been, 
in part, the aim of what precedes. 

In the attempt, whether successful or not, the author can truly say, in the 
words of Bacon, that he has endeavoured to lay his mind unbiassed to the 
question, “‘so that, like a pure mirror, it should reflect nature without distortion.” 
He had no preconceived views: and as all the main inquiry of the work had 
been completed long before he became acquainted with the somewhat meagre 
literature of the subject abroad,—there is none, he regrets to say, at home, 
(Note EE),—and wholly independently : so he neither copied the notions, nor 
was prejudiced by the preconceived views, of others. 
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Nore A.—(Szcr. 1.) 
Discovery of Gunpowder and Cannon. 


Ar the first thought it seems strange that some of the most remarkable discoveries, and 
which have had the greatest influence upon the progress and destinies of mankind, are 
amongst those of which the least is known concerning their authors. Such is the case 
with respect to gunpowder and artillery, which, next to printing and steam power, have 
had perhaps the greatest material effects upon man’s condition and progress. 

This very obscurity is, however, a proof of the antiquity of the knowledge, and is 
common to almost all the great and important discoveries by means of which our daily 
wants are supplied. Who can tell when leavened bread was first baked ?—where animal 
power was first made to aid man in subduing the earth by the plough ?—where woven 
fabrics, and twisted cordage that preceded them,—where the use of caleareous cements in 
building,—were discovered ; still less, to whom individually these great improvements were 
due? Nor was the early want of printed books or records the cause of this uncertainty, as 
the history of invention in our own day proves, where it often happens that a discovery 
essentially of the highest interest or importance is not recognised at once, and yet, after a 
time, when these are seen, it is found impossible to award the palm of discovery to any 
individual. 

The electrotype and daguerrotype are examples known to all; and this, apart from 
that wide class of human advances which have formed the base of so much controversy in 
modern times, such as, who was the inventor of steam navigation, or as will, doubtless, be 
hereafter asked, who invented the locomotive?—the true answer to which is, no one. These 
are the conjoint results, the coalesced product of the separate inventions of innumerable 
minds. Indeed, the history of human invention presents little that can be attributed with 
absolute certainty to individuals, beyond the salient discoveries of exact science, and of a 
late period. Perhaps even this ground is not without dispute, as Newton and Leibnitz 
may witness. 

It is with rather a narrow appreciation of the subject, as well as in neglect of much 
historical information, that, with most authors, either Bacon or Schwartz has been assumed 
as the inventor of gunpowder. Another class of archeologists admit the knowledge of 
gunpowder to have been of extreme antiquity in the East, but at once grant the honour 
of separate, though subsequent, original discovery to the European monks. Yet the ground 
for this seems to be no more than that, in their writings, the earliest recorded mention of 
the great discovery is made in any European language. Roger Bacon, unquestionably 
antecedent to his German rival, was born 1214, and died 1292; and his work, “De 
Nullitate Magiz,” appears to have been written about 1270, while Kircher’s account gives 
1354, or the date of the discovery by Schwartz. 


314 Mr. Matuer on the Physical Conditions 


« 


It appears, however, that an Arabic manuscript exists in the collection of the Escurial, 
which unmistakably describes gunpowder and its properties, the date of which is anterior 
to 1250. (Caseri, “ Bib. Arab. Hispan.” t. x1. p. 7.) 

The opinions of Spanish authors may be given in the words of Senderos (Elem. de 
Artil.):—* Es muy probable que la pélvera se haya conocido por varios pueblos del Asia, 
desde una grande antigiiedad, pero su invencion en Europa se atribuye generalmente al 
quimico Inglés Rogerio Bacon 4 principios del siglo x11.” 

The impression given by Bacon’s account is not that of a man divulging a most sur- 
prising and new discovery of his own, but of one referring to a discovery already made by 
others, and known to him, though not, indeed, commonly known ; and it is remarkable 
that all the earliest noticers of gunpowder and of artillery throughout Europe speak as of 
something already known, and more or less in use here or there. The most probable case 
seems to be, that both Bacon and Schwartz (the former clearly the earlier) were but the 
learned divulgers of information derived from elsewhere. 

In attempting to trace back invention or discovery, we shall often obtain a broader 
light (through the gloom of past ages) by endeavouring to refer the discovery and the 
records of it into collation with the material conditions and substances upon which it 
depended, as well as with the knowledge, manners, laws, polity, and traditions of the 
period. 

Nitre, produced so sparingly in temperate climates as to excite scarcely any observation, 
and to be with difficulty collected, has ever been the spontaneous production of India and 
China, in such abundance as to challenge mankind to its examination and trial. Sulphur 
(22); and coal, i. e. charcoal (am5); are known and mentioned by their properties at the 
early periods of Moses and the Book of Job.* The former, found abundantly in China and 
throughout the volcanic regions of Syria, of Lake Baikal, and central Asia; the latter, the 
necessary product of the extinction of the first fire of wood fuel—that which was (unless 
we except naphtha and bitumen) the sole fuel of the East. That some explosive compound 
of these widely scattered native products should have been early hit upon in these dry and 
warm climes, and that the first observation of the phenomena should so powerfully arrest the 
attention of races whose imaginations have ever leaned towards the mystical and marvellous, 
seem almost inevitable ; and equally so, that all this may most probably have occurred at a 
very early epoch of the world’s history. The earliest recorded notices, however (perhaps 
Oriental scholars may know of others much anterior), seem to be those of Philostratus, 
Themistius, and others, in relation to Alexander's campaigns in Asia, of some terrible 
missile, simulating thunder and lightning, in the hands of the Oriental sages, the irre- 
sistible power of which stopped the conqueror at the Hyphasis ; and all of which is condensed 
into a few lines by Lord Bacon in his Essay “ On the Vicissitude of Things,” who thought 


* See Note, page 339. 
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it “certain that ordnance was known in the city of the Oxydraces in India, in Alex- 
ander’s time.” Many circumstances, however, seem to point to the use of cannon in China 
at a far earlier period than that of Alexander (B.C. 300) (‘* Etudes sur le passé et l’avenir 
de l'Artillerie,” par le Prince Louis Napoleon, t. ii—Colonel Chesney, ‘‘ Observations on 
the Past and Present State of Firearms,” &c., vol. 1.) 

For centuries the East and the West were separated as by an impassable gulf. Asia 
knew nothing of Europe; Europe but touched the coasts and confines of the great Eastern 
continents. The annual expeditions of Solomon, coasting the further Arabia, reached 
probably at farthest but to the southern coasts of Persia or the mouths of the Indus. The 
Indian trade of Rome, so slender that the paucity of supply made a pound of silk worth a 
pound of gold there, was carried on through Egypt and the Red Sea, but seems to have 
reached no further than the Malabar coast and to Ceylon, and to have mainly consisted in 
silk, pearls, gems, spices, and gums (Gibbon, ‘“‘ Decline and Fall”). The invasion of 
Alexander, the voyage of Nearchus, were byt exceptional cases ; and the unusual appear- 
ance of strangers from the East, even at the commencement of our era, is indicated by the 
account given of the worship of the Magi at Bethlehem. But with Christianity began the 
great breaking up of ancient systems, and the vast military and social migrations and new 
localizations of mankind. Through Egypt and Asia Minor some of the obscure and half 
occult knowledge of alchemy, of magic, and ‘curious arts,” which the severer science of 
Greece, and the splendid power of imperial Rome, had despised, had at length travelled 
westward ; yet not unopposed, for in A.D. 290, Diocletian burns, by edict, all the alche- 
mistic books in Egypt. The invader’s sword, however, was soon to dislocate everything; 
from the meridians eastward of Scythia, as from a dividing line, Tartars and Moguls 
poured into India; the northern nations precipitated themselves upon the Roman Empire 
and upon southern Europe; ere long the conquering Arabs appear upon the disturbed 
European scene ; and before the end of the seventh century their vast empire extends from 
Bagdad to Granada and Morocco. Soldiers and nomads at first, they yet brought with 
them some of the arts and science, the poetry and literature, the refined and luxurious 
tastes, of the ancient East, which, under the firm dynasty of the Abbassides, received those 
later developments which our own paper, sugar, and Arabic numerals attest. The fanatic 
element of power is now added; from the cloudy dust of the desert the whirlwind of 
Mahomet’s cavalry emerges, beneath which in later day the Eastern Empire is overthrown, 
and which at last is only with difficulty stayed beneath the walls of Vienna. 

It may be asked, then, how is it that the warlike race of Islam, coming from the land 
of this wondrous secret, which was known also to the learned amongst themselves, never 
used it as a weapon of warfare until the eleventh century, when the Moors in Spain seem to 
have applied gunpowder in sieges? (Sismondi, ‘“‘ Hist. Literat.” by Roscoe, vol. 1. cap. ii.) 
The answer seems to be, they were mounted, a nation of cavalry ; the sword, pronounced 
by Mahomet himself *‘ the key of heaven and of hell,” was their favourite and most effec- 
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tive weapon ; and, as with the Roman legions, the sword and “ pilum” bore the brunt of 
battle,—missile arms being resigned disdainfully to the ‘ velites,"—so might the words in 
which the great Roman historian always describes the crisis of the fight, be applied to 
every Moslem victory—‘“ Gladiis res geritur.” It was not until the tide of victory brought 
their successors in front of the walled cities of the West, that the need of gunpowder was 
found. 

Reverting again to Europe, between the fifth and the twelfth century, ‘old things had 
passed away ;” Christianity had established herself upon the ruin of the ancient creeds. 
“ The sword,” which, its Author had predicted it, should bring with it invasion and blood- 
shed, had given place to something like the stability of governments; and the distinctions of 
new-born languages and kingdoms, the germs of our modern civilization, were developed. 
‘ Society already possessed kings, a lay aristocracy, clergy, burghers, labourers, and civil 
powers.” (Guizot, “ Hist. de la Civil.” t. 1. lect. vii.) Trades had been developed, and 
their mysteries were in the hands of the craftsmen and free burghers of the trading cities. 
Travelling on distant expeditions was rare, except for the purposes of merchandize or 
pilgrimage to the holy shrines. Churchmen and monks became thus those best acquainted 
with foreign lands, and often were intrusted with diplomatic missions, as distant as even 
to the Great Khan. (Abel Remusat, ‘‘ Mem. sur les Relations Politique,” &c. 2me Mem. 
pp: 154-157.) Thus, Ascelin and J. de Plano Carpini, travelling friars, were sent as 
ambassadors by Pope Innocent IV. into the heart of Asia, just at the end of the twelfth 
century. (Murray, ‘‘ Hist. Discov. in Asia.”) Whatever learning, whatever science remained 
unburied, were also possessed by them. Would it not have been wonderful, then, if they 
were not the best informed men of their times as to all that was of foreign occurrence —if 
they had not been the introducers of much that was new, strange, and valuable, from the 
distant and ancient lands that they visited? They were so, as the introduction of many 
exotic plants attests, which, spreading from the monastery gardens of Europe, as from 
centres, have long become naturalized over wide habitats, as our possession of the treasures 
of ancient learning, rescued from the wreck of the East, and preserved in their libraries, 
proves. 

They returned with imaginations heated, and intellects fired and energized, by their 
transit from the learned leisure, or perhaps the sloth and sensuality of their cells, to the 
glorious scenes and monuments of ancient story, and the richness of southern climes. The 
preaching of one such man set Europe again in a blaze: at the voice of Peter the Hermit, 
all Christendom prepared to throw itself upon the East, as Islamism had before rushed 
upon the West. From the eleventh to the end of the thirteenth century, Crusade after 
Crusade made these ancient but now decaying lands more and more familiar to the 
churchmen and to the chivalry of the Cross. 

The former, however, were alone fitted either to collect and treasure, or to transmit by 
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writings, the lore, the knowledge of the productions, the arts and sciences, of the lands and 
peoples amongst whom they travelled. They carried back these acquisitions to their own 
monasteries, and they communicated them to their clerkly brethren, as they made their 
rounds of visits, from religious house to house; and thus it was, that from the seclusion 
and silence of the cloister and the cell were echoed, in the furthest North and West, the 
inventions, the arts, the discoveries, of distant lands and foreign people; the announcement 
of which—as in the instances of Bacon and of Schwartz, with gunpowder—bear to us now 
at first the impressions of original discovery made by the men themselves, as if buried in 
the solitude of study, which were, in fact, most often but gathered from those of their 
itinerant brethren who were then the great news-venders of the world. The conclusion, 
therefore, seems justifiable, that gunpowder, known from a remote antiquity in eastern 
and southern Asia, was not independently re-invented or discovered in Europe; but that 
the knowledge of it travelled westward with the Arabians, and with the returning bands of 
pilgrims and crusaders from Syria and Palestine; and was introduced into the Levant and 
Spain by the former, and into Scotland, England, and Germany, by the latter. 

But we must be brief; it is impossible, within the limits of a Note, even to sketch this 
history perfectly, for to do so of any one discovery, is in many respects to write the history 
of all human progress. Yet, much as has been penned by various authors on the subject, 
we make bold to say, the real history of the discovery of gunpowder and of cannon, or 
firearms generally, remains still to be written, and, whenever attempted with success, it will 
be by him who shall be competent to unfold the lore laid up in Arabic MSS. in the 
monasteries and palaces of Spain and of the East, and who shall endeavour to collect and 
to collate the still extant records of the burgher cities of southern and central Europe, 
and such other fiscal or state documents as may best develop the sources and channels 
through which Europe was supplied with saltpetre and sulphur at the earliest periods, say 
from the eleventh century. To these, rather than to the learned dust of alchemy, are we 
to look for future information. 

The Saltpetre regale, by which, under a sort of royal patent, the right of searching for 
and collecting incrustations of this salt, even from the walls of private dwellings, existed 
amongst, and was hated by, the people of Germany, does not seem to have been known 
anterior to the fifteenth century, if so early. Artillery, however, was common all over 
Europe in the middle of the fourteenth century, and the total production of the regale 
could not have supplied a tithe of the demand. Whence, then, was the supply? 

If gunpowder itself be admitted to have been known for an immense period in the 
east of Asia, it is not conceivable that some forms of firearms, and cannon as the very 
simplest, must not have been known there likewise. The corollary is too obvious and 
simple, long to escape even a very barbarous people. 

From the early date of the notices already referred to, which make it so probable that 
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Alexander was opposed by artillery, down to the end of the twelfth or beginning of the 
thirteenth century, no records of its use in Asia appear known in European tongues; such 
may exist in Oriental languages, however. 

Carpini, writing in 1246, says, that he observed that the armies of Prester John had 
copper tubes, which, mounted on horseback, vomited, in a wonderful manner (he knew 
not how), fire and smoke, whereby his enemies were struck and overthrown (Murray, 
‘Hist. Dise.”). These seem to have been the predecessors of the Camel batteries, so com- 
mon in the East at this day. 

It is impossible, however, here to refer to innumerable facts, scattered through many 
authors, that sustain this view, and indicate not only that cannon were made and in use in 
China and the Indian peninsula at a very remote period, and, with the knowledge of 
gunpowder, conveyed thence into Europe, but that even the early methods of manufacture 
were brought also from the East. As to the former, amongst many others, the following 
works may be consulted :—Murray’s “ Hist. Discoveries in Asia;” Staunton’s “ Embassy 
to China;” Du Halde’s “‘ History of China;” Elliott's “ Bibliogr. Index, Hist. Moham. 
India;” Favé, “ Des Origines de la Poudre ;” La Lanne, “ Acad. des Inscrip., 1840; Brigg’s 
“ Hist. Moham. Power in India;” ‘‘ Algemeine Deutsche Encycl.;” ‘‘ Marion recueil des 
bouches a Feu les plus remark,” &c.; Col. Symes’ “ Embassy to Ava;” and the works 
previously quoted. The latter proposition, as to the early knowledge of fire-arms in Asia, 
will become illustrated by the following— 


Notices of some of the most remarkable Ancient Cannon, in Size or Construction. 


The earliest European artillery of large size consisted of ‘‘ Serpentines” and “ Bom- 
bards,"—both being formed of longitudinal bars of wrought-iron, arranged like the staves 
of a cask, and hooped all over, or nearly so, with wrought-iron rings, shrunk-on hot upon the 
bars. The Serpentine was of small caliber, but of enormous length. Perhaps the most 
remarkable specimen existing is in the collection of the Arsenal of Neuville, canton of 
Berne: it is only about 2 inches caliber, but about 10 feet in length of chase, or about sixty 
calibers, formed of wrought-iron, with rings shrunk-on at some inches apart; the breech is 
fixed, and it was loaded from the muzzle. The gun lies imbedded to its horizontal 
diameter, and for its whole length, in a timber bed, like a musket-stock, against which the 
breech abuts, as it has no trunnions. The whole is mounted on a well-contrived field 
carriage, with two large wheels and trail; the bed or stock of the gun being balanced over 
the axle and jointed to the trail, so as to elevate and depress in a very judicious manner. 
The whole is extremely interesting, as presenting the germ of our modern field artillery- 
carriage. The total weight is nearly 4tons. It was taken by the Swiss, from Charles 
le Temeraire, at the battle of Granson, in 1476, and an engraving of it occurs in the Emperor 
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Napoleon’s work, “ Passé et l'avenir d'Artillerie.” Charles is said to have possessed pieces 
of 7, 10, 20, and 30 livres’ weight of ball (probably of lead) upon this construction, which 
was well fitted to give a large range with the slow-burning powder then in use, before the 
invention of granulation. 

The bombard was usually a much shorter piece, often of immense caliber, but formed 
of wrought-iron much in the same way, except that the inner bars were separate longitu- 
dinal ones, in place of an united cylinder, the external rings being common to both; it was, 
in fact, an immense howitzer, the chase being generally in length from five to eight calibers, 
and used for throwing stone balls. The chamber, also of wrought-iron, was at first sepa- 
rate from the chase, socketed into and secured to the latter by rings and lashings; but in 
later examples the chamber and chase are united into one mass. ‘The former construction 
is that of the great bombard recovered from the bed of the Bahgretti, at Moorshedabad, in 
Bengal; the latter, that of the Mons Meg, of Edinburgh Castle, and of the great bombard 
of Ghent, all about to be described. In either case, the only carriage used for the gun was 
a long trough-like sleeper of timber, often of the rude construction shown in the annexed 
figure; the change of elevation being produced by blocking up in front; and the stone shot 
being rolled into the muzzle, up a sort of movable inclined trough of wood, by hand- 
spikes. The whole recoil was borne by a firm blocking of timber fixed in rere of the 
breech, between which and the blocking a stuffed pad of leather seems to have been some- 
times interposed as a buffer. 

The velocity of recoil was not great, and the mass of the chamber-piece was considerable, 
so that, when made separately, the tendency of the latter, and of the chase, to part off from 
each other at the moment of recoil was not very great with this mode of mounting. In 
smaller and longer pieces of wrought-iron of this early period, as in those recovered from 
the “ Mary Rose,” wrecked in 1545, one of which has a caliber of about 64 inches, and a length 
of about 8 feet, though formed and mounted much in the same way, the chamber-piece is 
either in one solid piece with the chase, or separate and movable chambers were dropped 
in between jaws projecting backwards and in one piece with the chase, and were there 
secured by a coin wedge behind, in precisely the same manner as the Oriental gingals. 
It will be thus already remarked, that the construction of these largest and earliest cannon 
is identical in Europe and in India and China. It will be better, however, to reserve 
further observations until we have described a few of the most striking examples. 

Great Gun of Ghent, or Gand.—In various works the great cannon of Ghent is men- 
tioned, as, — Diericx, “ Memoires sur la Ville de Gand,” vol: ii., p. 144; P. Senz, 
‘Nouvelles Archives Historiques, Philosophiques, et Littéraires,” vol. ii., p- 607; Voisin, 
‘“‘Guide des Voyageurs dans la Ville de Gand,” p- 800; F. De Vigne, ‘‘ Sur Usage des 
Armes 4 Feu; le Messager des Sciences et des Arts:” a collection published by the Society 
of Fine Arts and Letters at Ghent, vol. v., pp. 101, 128. 
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The following is from Voisin:—‘‘ This enormous cannon, or ancient bombard, is one 
of the most curious pieces of artillery known, both in dimensions and construction, which 
is a chef d'wuvre of the art of forging. It is 18 feet in length, by 10 feet 6 inches in cireum- 
ference; the mouth is 23 feet in diameter; it is forged from bars of iron, and weighs 
33,606 lbs., and threw a stone ball of 600 lbs. weight. Its construction appears to date 
from the early years of the invention of artillery; in all probability it was forged while 
Philippe Van Artevelde, Riswaert of Flanders, was besieging Oudenarde, in 1382. 

“Tt is certain that the people of Ghent, at war with their Duke Philippe, used it in 1411, 
and at the attack of Oudenarde, in 1452; and that, forced to abandon the siege, their 
great piece of artillery, which they were not able to drag along with them, fell into the 
hands of the burghers of that city, commanded by Gaspard Van der Moiren. It is probable 
that they of Oudenarde, who took part with the Duke of Burgundy, caused the arms of 
that prince to be engraved upon it. 

“ During the great revolt against the Spaniards, this famous piece, which Oudenarde 
had preserved for nearly a century asa civic trophy, was recaptured by the Gantois leader, 
Rockelfing, transported to Ghent by the Escaut, and discharged on the 8th March, 1578, 
from the quay Kuypyat, now the plain Des Recollets. It was placed, the same year,— 
at Mannekins-aerd, near the Marché du Vendredi, where it is still to be seen,—upon wooden 
trestles, which were several times renewed. These trestles were replaced, about 1783, by 
the three freestone pedestals, which are represented, and on which it now stands. 

“ Tt served for throwing stone balls, or barrels containing a kind of grape-shot, composed 
of pieces of stone, iron, or glass, &e. The chamber is made separate from the chase, but is 
reunited to it in the same manner as in some of the bronze pieces which defend the entrance 
of the Dardanelles: these have nearly the same form and dimensions as the bombard of 
Ghent, which is believed to be the largest in Europe. The cannon which draws the 
attention of strangers in the Arsenal at St. Petersburg is 21 feet long, but it only weighs 
17,435 lbs., and its caliber is only 68 lbs. 

“The great cannon of Ghent still bears the sobriquet of Dulle Griette (the Raging 
Meg), whether in allusion to the noise which it made by its report, or to perpetuate the 
eyil fame of Margaret, Countess of Flanders, who died in 1279. The hatred which this 
princess bore all her life to the children of her first marriage, Jean et Baudoin d’Avesnes, 
caused the greatest misfortunes in Flanders, and she bore to the grave the name of the 
Black Lady, which the people had given her. Some of the French chroniclers say the 
piece was commonly called ‘‘ Margot la Folle.” 
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“The following are its exact dimensions :— 
French English 


Metres. Inches. 

Length of the chamber, outside, . - . . .. . . 153 = 60:237 
Length of the chamber, inside, . . . ees Sheet el SOOk— DRS. 
Average diameter of the exterior of the Series: « » O73 = “28-741 
Average internal diameter of the chamber, . . . . 025 = 9:848 
Average thickness of the wall of the chamber, . . . 024 = 9-449 
Length of the chase, outside, . . . . .. =... . SAI = 137-404 
Interior length of the chase, . . Se eo MRE eB Sy ils) 
Average exterior diameter of the Sree pia wher 10:90) =. 35;404 
Interior diameter of the chase, . . . Se pe US Se ehhh 
Average thickness of the wall of the Br ee 012 = 4724 
Thickness of the longitudinal bars of the chase at the 

mouth ofethereegonOvy seus) ts oe ee ee cee OMS = L172 


Thickness of the exterior rings, varying from 


0:08 metres = 3:150 inches, to 0:04 ile yefay 


i} 


The Gantois are alleged to have possessed a serpentine at the siege of Oudenarde, in 
1382, of fifty fect in length. 

I am indebted for the preceding dimensions to the favour of Mons. Quetelet, of 
Bruxelles, and of Professor Duprez, of Gand. 

The Mons Meg of Scotland.—Through the kindness of Colonel Moody, R. E., I am 
indebted to Captain R. Grant, R.E., of the Commanding Royal Engineers’ Staff, Edinburgh, 
for the following particulars as to Mons Meg,—perhaps the next ancient bombard, in size 
and interest, in Europe, which, after many changes of place and fortune, now rests as a 
trophy in the King’s Bastion, Edinburgh Castle: — 

Formed of longitudinal stave bars, in one ply only, and of superimposed rings, driven 
and shrunk-on upon the taper, in one ply also, the general construction of this gun is 
similar to that of Gand, and may be distinctly understood from the section above. The 
mode of connexion between the longitudinal bars of the chase and of the chamber cannot 
now be clearly ascertained, being covered by the exterior rings, and from the effects of cor- 
rosion; that which is drawn above, therefore, is so far inferential. There seems ground 
for believing that, in some instances, the chamber-pieces were fixed to the chase’ by the 
interlacing of a rude set of ring notches in the overlapping ends of the longitudinal bars, 
and, according to Piobert, they were sometimes screwed together. ‘The chamber-piece 
Captain Grant considers to be formed of rings welded into one piece; but this is impro- 
bable, considering the limited forging capabilities of the age in which it was made. The 
joints of the rings were very well fitted at this important part; and ancient rust, converted 
by time into crystalline hematite, as hard as the iron itself, has so filled the interstices as 
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to make it appear one mass. The longitudinal bars are parallel in thickness throughout, 
and meet edge to edge, but their exterior and interior are slightly taper; the chase, there- 
fore, is not cylindrical, but conical, as is also the chamber; the caliber at the muzzle being 
20 inches, and that at the bottom, close to the chamber, 20? inches. The effect of this was 
to give a much larger windage at the commencement of motion of the stone ball than at 
its leaving the piece, ~which, with very slow-burning powder, must have greatly eased the 
strain upon the gun, without very materially reducing the velocity and range. 

This advantage may have been intentional; but the primary object of this taper was, 
no doubt, to facilitate the getting on of the external rings when red hot. It is obviously 
so formed by design, and not by accident or error of workmanship; and, being a uniform 
taper, could not have resulted from swelling produced by the strain of explosion acting most 
severely towards the breech. 


The following are the principal dimensions :— 
Feet. Inches. 


Total length, ae mere ESE otto dh aad cn oy ER tart LO. 1G 
External amoiat of ane Ths iglcin Sita). sR Ls een 1249 
External diametersombreechimes) oe & Benne nem O ent 
Greatestiexternalidrameters esc; ea en es eee) 4 
Length of chase, interior, Cs es neta! Homo? eos 
Galiber’at muzzlew a ote ee ee ere mete eet OF 20) 
Caliber at breech, 3 eae 0 203 
Longitudinal bars, twenty-five, are re in. ‘thick x Oni in. nearly. 
External rings, average width, 3iins. ,, ‘ 

u », radial thickness, from 37 in. to } in. 


Length of chamber, interior, 

Diameter at mouth, 

Diameter at breech, 2 ae 

Thickness of wall of chamber, minimum, 

Thickness of breech in line of axis, : ; 
Vent, distant from exterior of breech in line of axis, . 


SOG SS cy 
nm 
f=) 
tS) 


The vent is much enlarged (though still round), owing to corrosion. 

The iron of the gun has been commonly supposed Swedish; it is much more probable, 
however, that it is of iron faggoted up by hand-hammers from small bars of native-made 
charcoal-iron, from the ancient forges of Cumberland or other parts of the Border country. 
Tron thus wrought is perfectly undistinguishable from Swedish, though usually a little 
softer. 

The following is the history and tradition respecting this gun, taken from ‘“‘ The 
Statistical Account of Scotland :’— 
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‘« When the Act of Forfeiture against the Douglas was passed by the Scottish Parliament, 
in 1455, and the castle of Threave was the last stronghold of that family, King James II. 
marched into Galloway, and taking up a position near where the town of Castle Douglas 
now stands, besieged it. Amongst the country-people who came to witness the siege were a 
blacksmith and his sons, named M‘Kin, or M‘Kew. Seeing that the royal artillery produced 
no effect, old M‘Kin offered, if furnished with proper materials, to make a more efficient 
piece of ordnance. The King gladly accepted the proposal, and the people of Kirkeud- 
bright each contributed a bar of iron, out of which M‘Kin produced the gun called Mons 
Meg. It was made at Buchan’s Croft, close to the‘ Three Thorns of Carlin Wark,’ where 
the King had encamped. Its weight was 64 tons, and its caliber 194 inches; the charge of 
powder was a peck; and in a short time the garrison surrendered. The king gave M‘Kin 
the forfeited lands of Mollance as a reward: M‘Kin soon became called (as was the custom) 
Mollance, after his lands. The cannon was named after him, with the addition of Meg, 
his wife's name, whose voice was said to rival that of her namesake. Thus the original 
name of the gun, Mollance Meg, was soon shortened into Mons Meg.” 

All this may possibly be true, but it looks most improbable, so far as the name is con- 
cerned; itis but a sample of that loose sort of vapid fable with a circumstance, with which 
antiquaries are apt to be satisfied. It will have been remarked that the Gantois gun is a 
Meg, too, as are many other large guns popularly throughout Germany. The truth seems to 
be—* Grete,” ‘‘Gretchen,” is familiarly applied by the vulgar, in Germany and Flanders, to 
any huge machine that does “ virago” work, just as “Jenny” is with us applied to any one that 
performs drudgery, as in “‘ spinning-jenny,” or, as the old Scottish guillotine was called, ‘The 
Maiden,” and the “« Mons” was probably nothing more than an abbreviation of monster. The 
whole tale, moreover, is rendered improbable by the statement of Pennant (‘‘ Northern 
Tour”), who says that the sister gun to Mons Meg proved fatal to James II. of Scotland, by 
bursting near his person. This was at the siege of Roxburgh Castle, which had remained 
in the hands of an English garrison from the time of the Battle of Durham, in 1460. 

However, it is quite possible the iron was forged and the gun made in Scotland by 
M'‘Kin, and that he was a craftsman of some of the blacksmiths’ guilds in Scottish burghs; 
but the design of the gun came from the Continent,—at least is identical with that pre- 
viously adopted in various parts of Europe and in Asia, from a remote antiquity. The 
ancient and celebrated fabricators of cutting weapons in Scotland, it will be recollected, 
were not natives, but foreign artisans from the north of Italy and from Spain. 

Mons Meg was used at the siege of Dumbarton, in 1489; was then brought back to 
Edinburgh, and reposed there for eight years; was next brought to Norham, in 1497; was 
afterwards used to fire a salute, in 1548, when Queen Mary married the Dauphin of France; 
and in 1682, when firing a salute in honour of the Duke of York, the iron rings, which 
are now partly wanting near the breech, were blown away, though without much disturbing 
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the longitudinal bars,—probably the effects of the more rapidly igniting powder then 
becoming known. The gun actually discharged balls of Galloway granite against Threave 
Castle. The weight of a granite ball of 193 inches diameter is about 330 lbs. When the 
extreme thinness of the gun towards the muzzle—indeed its general thinness—is consi- 
dered, we cannot avoid being impressed with the real skill shown in the construction of 
these built-up guns, in which, despite the difficulties which the infant state of metal- 
lurgic art interposed, and unaided by science, with nothing but mother wit and patient 
“trial and error” to guide them, these ancient craftsmen arrived at a construction which 
the science of to-day affirms within one stage of being theoretically perfect, and succeeded 
practically in producing weapons which in magnitude are only now about to be surpassed. 
Nor, when we call to mind the state of fortification from the thirteenth to the beginning 
of the sixteenth centuries, are we less struck with the extreme suitability of these bombards 
to the work they were called on to perform. The strongholds were all of masonry : earth- 
works and bastions were not developed before the fifteenth century. Large and heavy 
shot, thrown with moderate velocity, was precisely that which in the then state of the 
arts, and of warfare, gave the most efficient breaching power. The latest and most formi- 
dable fortifications in Europe have returned to masonry in casemates to a vast extent; our 
floating batteries of attack are become shot-proof: we shall yet return to the bombard, 
though improved and empowered. 

The third and last bombard which I purpose noticing, is that which was dug out of 
the bed of the Bhagretti river a few years since, by Mr. H. Torrens, Political Agent at the 
Court of the Nabob Nazim of Bengal, and which now stands opposite the palace at Moor- 
shedabad. 

This remarkable gun was extremely well figured in the “ Illustrated London News” of 
October 18, 1851, p. 501:— 

It is identical in principle of construction with the Gantois gun, with the exception of 
the chamber-piece being separable from the chase, to which it is capable of being confined 
by lashings, through rings provided on it and on the chase. 

The chase part is 12 feet 6 inches in length; the caliber 183 inches; the chamber- 
piece is 4 feet 3 inches long. Nothing is known as to the origin or history of the gun, 
though a vague local popular notion exists of its having been made to resist the Mahrattas, 
who at former periods used to descend upon Moorshedabad ; but as the Mahratta power only 
began to rise in the middle of the seventeenth century, on the decline of the Mogul 
dynasties, when cannon of a totally different and more modern sort were in common use 
in India, this is out of question. 

This most remarkable gun, identical in principle and in mode of construction with the 
ancient bombards of Europe, proves its own Oriental origin and construction, by the unmis- 
takable style of ornamentation upon its exterior. Either it was made in India; or, if made 
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The Great Wrought-Iron Gun of Moorshedabad, 
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in Europe, at a period before the wrought-iron bombard was disused, transmitted to India, 
and ornamented by Indian artists there. The weight of the gun, the small size of sea- 
going vessels in the fourteenth century, the partial overland route to India alone known, 
the difficulty of transport over that—all make its formation in Europe most improbable. 
We must conclude, then, that this gun was designed and made in India; and we cannot 
conclude it later in date than the end of the fourteenth century. Did Europe, then, 
jndependently, discover a mode of construction in cannon, of a complex character, identical 
in all its details with the modes invented in Asia (as it has been said she did gunpowder) ? 
or did Asia in this case learn from Europe? or must we come to the conclusion that Asia 
was the discoverer and the teacher, and that the identity in general dimensions and propor- 
tions, as well asin all the details, of a very remarkable construction found in the bombards 
of both continents, is due to this—that they were long known and in use in India and 
China; gnd that both the serpentine and the bombard were, like gunpowder, and along 
with it, eastern inventions, imported to us. 

Colonel Symes, in his “ Embassy to Ava, in 1795,” informs us that he found, that 
“cannon, formed of prismatic bars of wrought-iron hooped together, were known in India 
from a remote antiquity.” Du Halde mentions such bombards at the gates of Nankin, 
as so ancient, that their use had apparently been forgotten; the Fort of Chittoor, and 
others, and many strongholds in China, present to this day “fire tubes,” which are the 
real ancestors of the serpentines of early Europe, though the latter became varied and 
modified, and mounted to suit European wants and modes of transport. 

If cannon, as the corollary of gunpowder, were invented by its reputed European 
inventors, or near their seats, we should find the progress of the discovery, as it got rapidly 
into use, spreading over Europe, from England on Saxony as centres; but the fact is not 
so. The following dates of the ascertained use of ordnance, in various parts of Europe, 
all corroborate the view, that the great invention was brought into Europe through Spain, 
the Levant, and South-eastern Europe, and through the naval or commercial cities of 
Northern Italy; and passed into Northern Europe through the great trading and naval 
nations of the north :— 

A.D. 1118 to 1135. The Moors in Spain use artillery in attack and defence of fortified 
places (Condé’s ‘“‘ Hist. Moors in Spain”). 

1157. The Spaniards have artillery at the siege of Nidbla; held by the Moors. 

1156. The Moors use artillery at siege of Bona, in Sicily. 

1249. The Arabians in Egypt, have artillery. 

1280. Cordova besieged with artillery. 

1308. Ferdinand IV. took Gibraltar from the Moors with artillery. 

1311. The City of Brescia defended by bombards, obtained probably from the Venetians. 

1312. Baza, in Spain, attacked with artillery. 
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1319. The Genoese possess artillery. 

1326. Martos, in Spain, so besieged. 

1327. Artillery used in Scotland. 

1335. In use in England. 

1339. In use in France. 

1340. At Tariffa and Algesiras. 

1343. The Tunisians use it against Seville. 

1346. In Flanders generally. 

1350. In Italy generally. 

1353. At Nuremberg and Augsburg. 

1354. In Denmark. 

1356. Throughout the greater part of Germany. 

Thus we observe its progress northwards and westwards, and that it reaches earbest, the 
most mercantile and voyaging peoples. 

It seems like the whispered augury of future greatness, when we find that the ancient 
English fleet was armed with artillery in abundance, before it was in extended use, by any 
of the fleets of Northern Europe, though probably long before that time the Genoese galleys 
had been so provided. The Moors had cannon at sea in 13842; the English fleet in 1347; 
the Arragonese in 1359; the Danes in 1361. The popular statement, repeated from book 
to book, that cannon were unknown in France before the battle of Cressy, when they 
were first used by the English, is certainly an error; for Daniell, ‘‘ Vie de Philip de 
Valois,” quotes the ‘Chambre des Accompts” of Paris, “ for four great cannon for Harfleur” 
in 1338. 

Scotland very early figures in the list, and probably got her early intelligence, through 
her constant intimacy with France and Italy, and perhaps, by the prevalent transit of 
pilgrims to her northern shrines. 

I find it impossible to give authorities within the limits of a Note. 


Cannon of Bronze. 


The earliest bronze guns appear to have been cast in Europe about 1370, and seem to 
have been produced about the same time in several of the wealthy burgher cities of Ger- 
many and of France. Between that and 1400, bombards were cast (after the more ancient 
models of iron) in bronze, with separate and with attached chambers (canons a boite,) the 
ancestors of all modern breech-loading guns; and culverines, which replaced the iron 
serpentines, and were of enormous length, 35 to 60 calibers, and great strength towards 
the breech, but of small caliber. Many examples remain of a later date; one at Dover 
Castle; another in the Dial-square, Woolwich Arsenal; and the celebrated one of Nancy 
(1598), above 21 feet in length (Piobert “‘ Traite,” Fig.48), carrying about an 18-Ib. iron ball. 

Froissart mentions one of 50 feet in length; but in this there surely must be some 
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mistake. The earliest bronze guns, both in Europe and Asia, were cast without trunnions, 
dolphins, rings, or breech-buttons. The recoil was resisted by the flat breech abutting 
firmly against the heavy timber stocks on which they were mounted. 

About 1378 the first examples occur of the adoption of spherical shot of cast-iron. Cast- 
iron, as a peculiar form of iron, and its capability of being fused, had long been known; the 
possibility of moulding and casting it into determinate forms must have early resulted from 
the daily observations of the workers in the smelting forges on the Catalan method, and in 
those of the Thuringian forest; though but little early use appears to have been made of a 
discovery upon which so much of the subsequent power and progress of mankind have de- 
pended. The stone balls of the archaic artillery, however, light, brittle, irregular in form and 
texture, slow and costly in formation, found a valued substitute in cast-iron, which seems 
to have been first used in France by Les Freres Bureau, about 1429, under the Maid of 
Orleans, in the wars with the English (L. Napoleon, “ Passé et Avenir d’Artillerie”). 

The increased density of iron over stone, rapidly necessitated the reduction in caliber 
of the older bombards. The manufacture of powder was improving as it became an estab- 
lished European want; saltpetre was better known, and rather less impure ; the original 
wrought-iron guns were no longer safe. The facilities which moulding and casting in 
bronze gave, suggested the advantage and use of trunnions and of dolphins or rings, 
whose formation in wrought-iron was so difficult, and of uniting the chase and chamber 
into one mass, which in bronze were easier made together than in separate fitting pieces, 
and thus heavy artillery assumed something like the general form of cylindric bore and 
conic exterior that it has ever since borne. 

The large reduction in caliber, due to the change of material in shot, increased the 
facilities of using bronze, in the same proportion that it rendered practically difficult the 
adaptation of the ancient method of built-up wrought-iron cannon. With the then known 
methods of smelting and of working iron, bronze guns were now, in fact, the cheaper mode 
of construction, notwithstanding the higher price of bronze, which, however, was relatively 
nearer in price as raw material to iron than itis now. The bronze gun was found less 
dependent upon the care and skill of the workman at every step, and the power of orna- 
mentation was given. Perhaps potentates and powers saw, too, that in bronze guns they 
possessed a material capable of conversion into treasure at any moment. These, and other 
minor circumstances, all tended to the rapid increase of bronze artillery, and to the neglect 
and final abandonment of that of wrought-iron. By 1450, the former were in common 
use; and by the end of the fifteenth century the latter had fallen wholly into disuse. An 
interesting example of the transition period occurs at the Repository, Woolwich, in 
one of two wrought-iron hoop guns (about 12-pounders) of the time of Henry VI., 
1422. These guns are about 8 feet long, nearly cylindrical externally, with two plies of 
longitudinal bars, and one of hoops. One of them is imperfect; the perfect one has a 
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wrought-iron breech; the other, a breech formed of a bronze plug, cast into the iron, thus 
combining in one gun the two metals. 

The causes which led to the change have not, that I am aware of, been previously viewed 
in this light; and I enlarge upon them because, in many important works upon modern 
artillery, the abandonment of wrought-iron, at this early period, has been, by a misconcep- 
tion of its causes, made, falsely, an argument against the advantages of wrought-iron as a 
material for ordnance at this present day, forgetful utterly of the vast difference between 
the materials, tools, and workmanship, of the blacksmith M‘Kin and his sons, and the 
iron works and workshops of our England of to-day. 

The bell-founder’s art, kept alive throughout the Dark Ages by the use of large church 
bells from the sixth century, was at once applicable to the casting of guns in Europe. In 
the east, and amongst the Arabs and Turks, there was nothing to learn,—bronze-founding 
had existed, and been in continual use throughout Asia, from the days of Tubal. 

We find, therefore, at the earliest period of bronze artillery, in Europe and the Eastern 
Empire, castings made of a magnitude that has never been surpassed since. Gun-founding 
in bronze, upon an equally large scale, had most probably been known in India from a long 
anterior period. 

At Manienberg, in Saxony, as early as 1408, a bronze yun, of more than 6 tons, was 
cast; at Sienna, a gun, with separate chamber, carrying a ball of 375 lbs., and of a total 
weight of 11 tons; 50 and 100-pounders, at Gand and Amsterdam. The crafty and 
energetic Louis XI. had bronze bombards, throwing an iron ball of 500 French lbs., and 
twelve very heavy guns of position, three, cast each, at Paris, at Tours, at Orleans, and at 
Amiens, all between 1400 and 1500. 

These guns, as well as some of Francis I., had no breech buttons (La Martilliere, 
t. 1., p. 245),—a proof that even yet (though, perhaps, with trunnions) the recoil was chiefly 
received against the breech. These guns were usually cast with the muzzle downwards, 
and upon a core, as was the case with a very large gun of nearly the same form, but of 
eastern founding, and with oriental inscriptions in relief, taken by us at Acre, and now in 
the Proof Department Square, Woolwich Arsenal. 

The next century saw the greatest advances in the power of artillery, of any equal 
period since its introduction. The corning or graining of powder, long in use for small 
arms, was now substituted for the dusty meal powder, which had alone been previously 
used for cannon, and universally applied on the Continent, though its adoption in England 
does not seem to have occurred until about James I.’s time. (See “ Tartaglia,” and Preface 
to Robins’ Tracts.) 

Charles VIII., Louis XII., and the Emperor Charles V., constructed large and effective 
siege trains, and the first really field trains, “ marchant sur l’affuts.” 

Guns of the heaviest class were still cast: at Milan a 70-pounder, at Bois le Duc another, 
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at Berlin an 80-pounder, at Malaga another, at Bremen two 60-pounders, at Rome in St. 
Angelo a 70-pounder,—all date from this century, and show how diffused and uniform, all 
over northern and central Europe, the size and form of artillery had become. 

In England, the earliest bronze guns are said to have been cast by one John Owen, in 
1535, and that he was the first to produce a gun in cast-iron, about the year 1547. 

I cannot find anything certain, however, as to the earliest production of cast-iron guns. 
Blast furnaces (‘“ haute fourneaux”) for smelting, replaced the old Catalan methods, about 
the commencement of the fifteenth century ; were known in the Hartz, in Westphalia, in 
Flanders, and seem to have come to us thence, and were not uncommon about the middle 
of the century. Their working must have become well known by experience, and the con- 
ditions of yield, or quality of metal, pretty certain, before it were possible to produce cast- 
iron guns of large size. 

I know not what may be the earliest ascertainable cast-iron artillery in existence, or 
what records there may be of first essays. There is in the Repository atWoolwich an 18-inch 
Pierriere, captured at Corfu, with the date 1684 upon it,—an early example of cast-iron. 
Some old cast-iron 32-pounders, cast in Charles II.’s time, 1660-1684, are mentioned by 
Miller (‘‘ Introduce. Artill.,” p. 22) as existing in his time. I believe there is also at Wool- 
wich an old cast-iron gun, of late in Elizabeth’s reign. The vast extensions in number and 
power of guns, which the use of cast-iron has produced, however, seems mainly due to 
England, Scotland, and Sweden, and to belong to a comparatively very recent date. 

In the sixteenth and seventeenth centuries the multiplicity of sizes and forms of guns 
was extraordinary. 

In England they might be reduced to the following classification and average sizes, 
dimensions, and weights. 


Length. | Caliber. Weight. | 


| Feet. | Ibs. Ibs. 

| The Cannon Royal, or Piece of Eight, . 12 48 8000 
The Demi Cannon, in three sizes, . . 12 36 6000 
The Culverin, in three sizes, . . . . 12 | 20 4800 | 
The Demi Culverin, in two sizes, . . 11 10 | 2700 | 
LUTE SECC See ames he 10 6 1500 | 


The smaller sizes were called Minion, Falcon, Falconet, Rabinet, and Base, the last of 
which only carried a 5-ounce ball of lead. 

Collado states, that at the siege of Milan, by the Spaniards, 200 different sorts of am- 
munition were required for the artillery. Christobal Lachuga, at the beginning of the 
seventeenth century, endeavoured to reduce the Spanish artillery to six different calibers 
only—a reform which has been recently carried to its limits, with admitted advantage, 
by the Emperor Napoleon, reducing the whole French field-train to one caliber of 12- 
pounders. 
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To return to the period of the text to which this prolonged Note refers. 

At periods anterior to the casting of bronze guns in Europe, cannon of enormous 
magnitude appear to have been cast in India, by the Arabs and Turks. Colonel Symes 
mentions a gun at Arracan, captured from the Burmese, 30 feet in length, 10 inches caliber, 
and 24 feet across the muzzle, which bore the appearance of great antiquity. The Indian 
guns, however, of which I have ascertained the dates, are of a later period. 

The great bombard mentioned in the text (and by Gibbon, “Decline and Fall,” vol. xii., 
p- 197), as cast for the siege of Constantinople by the Turks, is stated elsewhere to have 
thrown a stone shot of 600 lbs. weight. This would agree better with 11 palms circum- 
ference of the shot, than 11 palms caliber, as stated by Gibbon and others, and coincide 
pretty well with the guns brought by Mustapha against Malta, of 200 to 300 Ibs., and with 
those now at.the Castles of the Dardanelles, which are probably of a not much later epoch. 
Of these Bishop Pococke, in his ‘‘ Travels in the East,” gives the following account :— 

* Guns at the Natoli Eski Hirsar.—Fourteen guns of brass, without carriages, loaded 
with stone balls; eight others towards the south; two very fine ones amongst them, one 
25 feet long, adorned with fleurs de lis, which they say was a distinction used by the 
Emperors of the East before the French took these arms, and I have seen them in many 
parts.” 

Is it not more likely that these guns were captured from some of the orders of Christian 
knighthood at Malta or Rhodes ? 

“ The other is 20 feet long, in two parts, after the old way of working cannon of iron in 
several pieces. The bore of this is 2 feet, so that a man may sit in it; 24 quintals of powder 
are required to load it, and it carries a ball of 14 quintals.” 

This would be about the weight of 2000 or 2500 Ibs. for a stone shot of that diameter. 

‘* At the new Castle in Asia, near the mouth of the Scamander, are some very fine brass 
cannon, the bores not less than 1 foot in diameter. There are twenty-one of them to the 
south-west, and twenty-nine to the north, faces.” 

These guns have also been described by Baron de Tott; but the most interesting account 
of them that I have met with is that of Baron von Moltke, major in the Prussian service, 
in his work “* The Russian Campaigns in Bulgaria and Rumelia in 1828-29,” p. 528. 

« The batteries on the Dardanelles, contain one hundred and eight 44-pounders, nineteen 
60-pounders, thirty 121-pounders throwing iron balls, besides 63 kemerlicks or guns 
which throw stone balls, some of which are 1570 lbs. weight. These gigantic guns are 
some of them 28 inches in diameter, and a man may creep into them up to the breech; 
they lie on the ground on sleepers of oak, instead of gun-carriages, with their butts against 
strong walls, so as to prevent the recoil, as it would be impossible to run them forward again 
in action. Some of them are loaded with as much as 1 ewt. of powder. 

“ Baron de Tott gives a somewhat high-flown description of the ‘ earthquakes’ produced 
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by their discharge. In the most of them the touch-holes are as large as the barrel of a 
musket; the great mass of powder ignites slowly, and a good deal of it is always blown 
- out of the mouth. 

‘«« The report is very violent, but dead, and is not nearly so painful to the ear as that of 
an 18-pounder in a casemate. 

‘It is easy to follow the ball, blackened with powder, with the eye, and it is frequently 
seen to split into two or more pieces; huge jets of water are thrown up when it strikes 
the surface of the sea, as the ball, fired off in Europe, slowly ricochets across the water 
till it reaches the Asiatic shore. 

“These giant cannons of the Dardanelles have this disadvantage, that they can only fire 
straight before them, and that they take very long to load; but then the effect of a single 
ball that does hit, is tremendous. 

“ When Admiral Duckworth sailed through the Straits in 1807, all the preparations for 
defence tvere of the most wretched description; nevertheless, his fleet suffered considerable 
injury, especially from the kemerlicks; a granite ball of 800 lbs. weight, 2 ft. 2in. in 
diameter, to the great astonishment of the sailors, broke through the whole Led for the 
anchor (carried away the bitts, probably ?) on board the Active, and, after crushing this mass 
of strong timber, rolled slowly across the deck. Another ball carried away the wheel of 
the Republic, and killed or wounded twenty-four men. 

“The mainmast of the Wyndham was carried away, and the forecastle of the Royal 
George, a 110-gun-ship, was shattered by a single ball, so that she was near sinking, and 
could only be saved by very great exertions. Our readers are, no doubt, aware that in sea- 
fights the holes made by the cannon-balls below the ship’s water-line are plugged by men 
appointed with conical pins of wood to prevent the water from pouring in. But it would 
manifestly be impossible to plug a hole 24 ft. in diameter.” 

Ihave quoted Moltke at length, as indicating the views of an experienced Prussian 
officer, as to the value and effective power of guns of this large size, projecting balls at a 
very moderate velocity; both which have been very commonly sneered at by artillery 
authorities. The last two years, however, have seen the introduction of iron-cased floating 
batteries (said also to be due, in conception, to the genius of the Emperor of the French), 
which, so far as they have been tried, bid defiance to the effects of any of the usual sizes of 
siege or battery shot propelled at high velocities. 

If we are to make the means of defence, again, equal to the means of attack which these 
batteries have developed, it must be by providing our own strongholds and harbours with 
the means of throwing shot and shells of enormous weight and at low velocities (500 to 800 ft. 
per second), whose momentum shall not be arrested, or the shot shattered against and by 
the inertia of the iron plates, but shall at a blow crush in a large portion of the side, 
driving in both plates and timbers before it. Neglecting this until the hour of future peril 
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shall arrive, we may find we have in these new floating batteries animated a Frankenstein 
for our own destruction. 

Returning to our trace of the progress of Indian gun-founding. In the latter end of the 
sixteenth and throughout the seventeenth century,when the Mahommedan invading powers 
had attained their greatest developments in power and wealth, the magnitude of many 
of the guns cast by native monarchs or rulers is surprising, and the peculiar character 
impressed by the habits of the country on some, not less interesting. Thus, at the Re- 
pository, Woolwich, there is a very fine heavy gun, cast with large loose rings, several at 
either side, and obviously intended to enable the gun to be slung, and carried between two 
elephants. Perhaps the largest bronze piece in existence is at Bejapoor (called the Moolk 
al Meidan, the Lord of the Plain) cast in 1685, with Persic and Arabic inscriptions in relief 
upon it, as is usual with Indian guns. 


Feet. Inches. 


Ten gthyy etna, es ee ORAS 
Diameter at Breech, . . . . 4 103 
Diameter at Muzzle, . . . . 4 8 
Caliber, aed Ne a Le ED AE 


Its form appears to be that of an almost cylindrical howitzer, conical chambered, and 
very similar to two very large guns of which models exist in the Repository, Woolwich, 
cast by Captain Griffith,—one at the same place, and said to be given the same title in 
1825 :-— 


Feet. Inches. 
engthy ee tee eral tao 
@alibert eater ee cee eee. 
Thickness 2.) Se ee eg Oe 


The other, called the Great Gun of Agra, cast at the Arsenal of Admenugger, in 1820, 
in length, about 14 feet; caliber, about 21 inches; and the thickness about } a caliber. 

A gun is said to have been cast at Agra, in 1628, weighing 60,000 Ibs., or nearly 27 
tons, (Piobert, ‘‘ Traite,” p. 147); and on the Common at Woolwich stands, as a trophy, 
the immense piece captured by us at Bhurtpore, in 1826; for the following transcript of 
the inscriptions upon which, and the drawings from which the engraving of the gun has 
been made, I am indebted to my distinguished scientific friend, Colonel Portlock, R. E., 
Commandant, Royal Military Academy, Woolwich. 
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TRANSLATION of the Persic Inscription on the largest Brass Gun taken at Bhurtpore, now on the 
Artillery Parade Ground, Woolwich. 


ON THE CHASE. 
“The Father of Victory.” 
“ The Reviver of Religion.” 
“ Muhammad, Aurang-zeb, Alam-gir.” 
“The Warrior, The Victorious King.” 


The third line of the translation gives the three names of Aurang-zeb: their verbal 
meaning is :— 


“Muhammad,” .. . . . Extolled. 
“ Aurang-zeb,” . . . . . Throne-adorning. 
“Alam-gir,”? . . . . . . World-subduing. 


“« The Reviver of Religion” is a title peculiar to Aurang-zeb. The title of ‘‘ The Father 
of Victory” was borne by Shah Alam, also; the other titles are common to all the Mogul 
emperors. 

ON THE SWELL. 
‘“* Year of the Hejira, 1087.” 
“ The 20th of the Reign.” 


1087 of the Hejira corresponds with A. D. 1677; according to Mohammedan chrono- 
logists, exactly the twentieth year of Aurang-zeb’s reign. 


NAME OF THE GUN, UNDER THE RIGHT TRUNNION, 
“The Gun, the aid of Ali.” 


Ali, the hero-saint of the Indian Mohammedans, is invoked by them in every diffi- 
culty, and especially in battle. His titles are:—‘‘ The Victorious Lion of God,” ‘The 
Remover of Difficulties.” 


UNDER THE LEFT TRUNNION. 
According to the weights of Shah Jehan. 
“ The Ball, 30 sirs.” 
“Powder, 10 sirs.” 


The weights and measures, as established by the Emperor Shah Jehan, are those still 
used in Hindustan. 


The sir is about 2 lbs. avoirdupois. 
The verbal meaning of Shah Jehan is, “ King of the World.” 
The gun weighs about 173 tons. 
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Its proportions indicate a good deal of knowledge of the relative strains at various 
points along the length of the axis; but the metal is badly distributed, owing to sudden 
changes in the diameter, &e. Although highly ornamented, and most of the inscriptions 
and relievo-work well brought up, the casting is, as a gun, bad, porous, and vesicular; 
and the bronze is obviously an uncertain ternary or quaternary alloy. I incline to 
believe that it was cast upon a core, and with the muzzle down. The tasteless gun-car- 
riage of cast-iron, painted to imitate bronze, upon which the gun rests, was made in 
England. 

Interesting as it would be to pursue the history of artillery down from the seventeenth 
century to the present, it falls not within the scope of a Note, already too long; for this 
the great work of the present Emperor Napoleon, “Sur le passé et Avenir d’Artillerie;” 
Marion, “ Recueil sur les Bouches a Feu les plus Remarkable;” and others, may be con- 


sulted. My object has been to present a sketch, only, of the origin and early history of 


gunpowder and of artillery, conceived, as I believe, in a more philosophic spirit than that 
in which the subject has been treated (so far as my information goes) by professed archzo- 
logists,—by viewing the subject, not by the mere dim lamp of scholarship only, but 
upon the broad principles that regulate all human material progress, and in relation to the 
endowments in natural substances and conditions, which have been locally given or with- 
held from nations, and to the great movements in time of the human family upon the 
earth. And thus examined, it would seem that, as in the kindred art of Fortification, no 
individual claim can be established to its two most salient inventions, earthwork and the 
bastion, but that they grew up with the necessities that called them forth;—so can no 
personal claim to inventorship, for either gunpowder or cannon, be sustained, nor even for 
priority of publication in Europe, of discoveries that most probably originated at the earliest 
seats and in the earliest epochs of mankind, and by the (so-called) accidental results of the 
observation of phenomena, produced by the reactions of some of the spontaneous produc- 
tions of nature, in some of the most primitive operations or arts of man. 

A second object has been, to dissipate the argument that has been drawn from the 
early abandonment of wrought-iron cannon, against the use of this material for ordnance 
at the present day, by showing what were the true conditions and circumstances that 
affected and produced that change. 
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Chronology of the Use of Wrought-Iron for Artillery. 


The following chronological notices, collated from “ Meyer's Historical Manual” and 
other sources, puts the more remarkable facts relating to the history and progress of wrought- 
iron cannon in one view, from the period already referred to, when the early wrought-iron 
bombards and serpentines had gradually got out of use, or rather, shortly after, when the 
use of wrought-iron, in other forms was revived, up to a recent date. 

In 1494, Charles VIII. suppressed wholly wrought-iron bombards, and had no other 
‘artillery than that of bronze. With the exception of the occasional use of an old bombard 
(as in the defence of St. Dizier, in 1544), little notice is to be found of wrought-iron guns 
in any form for nearly a century, when they again begin to excite attention, revived in 
various forms. 

There is in the Museum at Paris a wrought-iron piece, of 1555, very long, but of 
small caliber, with a movable breech. 

There were at Strasbourg, in 1833, several wrought-iron cannon, bearing the date of 
1602, some of which were made to load at the breech. 

1621. The cannon called abraga are found in use, loaded by means of separate cham- 
bers. These pieces were usually of wrought-iron, and of calibers as high as 100 lbs. Sarti 
saw some at Gand and at Amsterdam, one of which weighed 33,000 lbs., where they were 
used principally on board of vessels. Venice had many pieces (50-pounders) of this kind 
on board of her galleys, where they were mounted on carriages. The chambers were of 
wrought-iron or bronze, three for each piece. They were fixed in behind by means of 
wooden wedges; at the moment of firing, those serving the gun stood on the sides. Those 
of the Mary Rose were of this class. 4 

In 1660, there was cast in India a large bronze cannon, with a wrought-iron lining to 
the bore of six inches diameter, weighing 7726 lbs. 

There is at Berlin a wrought-iron piece, of the year 1661, for a 2-oz. ball, and rifled 
with thirteen grooves, with a screw breech, and a sight turning on a hinge. 

There was at Woolwich (in 1830) a wrought-iron piece, made at Nuremberg, in 1694, 
and at Zurich, of the same date, an old wrought-iron cannon, composed of many eee 
easily separated from each other. 

In 1697, there were made some wrought-iron pieces, composed of bars wrapped round 
acore. An 18-pounder of this kind burst at the first fire. 

In the “‘ Recueil des Machines apprové par l'Academie des Sciences,” t. iii. p-. 79, an 
ingenious arrangement is figured and described, of M. Villons, for forging wrought-iron 
guns solidly, with the bore ready formed. They were made of annular discs, separately 
and successively welded together by “jumping,” upon a maundrell. The plan has some 


Xa, 


336 Mr. Matuxt on the Physical Conditions 


real merits, and might be possibly improved. It appears to have been produced about 
1716 ; and the notice adds, that ‘‘such pieces were made by the author, at the Port de 
Mazrli, and some are in the Arsenal of Paris, in 1735.” 

The wrought-iron cannon made at Ocona, in 1744, stand well the proofs to which they 
are subjected. These cannon are now (1832) in the Museum of Paris. They are of calibers 
of 32 and 22 inches; 5 ft. lin. long. One of them weighs 210 lbs. 

1747. Senner fabricates cannon of wrought-iron, the bores of which were grooved, and 
the bottom of the bore movable. 

1753. There is at the Arsenal of Paris a handsome wrought-iron 12-pounder, the manu- 
facture of Gentin, weighing 1600 lbs. It was made solid, and bored out. 

1758. Hannoteau, in Paris, proposes wrought-iron cannon, with the interior of the chase 
lined with copper or bronze. 

1760. Chev. D’Arcy (Theor. d'Artillerie”) proposes cannon of wrought-iron square 
rods, wrapped round and brazed together. 

1764. There are at the Arsenal of Paris three wrought-iron cannon—one 12, and two 
8-pounders. These pieces, made on maundrells, are composed of longitudinal bars, covered 
with rings, the whole welded together. 

1765. Anciola caused to be made at Paguloga, in Spain, three wrought-iron pieces, 
one 4-pounder, long, one 4-pounder, short, and one 8-pounder. Bars of iron were used, 
of 14 inches in thickness. These pieces, forged solid, and afterwards bored and turned, 
sustained without injury the proof-firing, with charges of two-thirds of the weight, and the 


whole weight of the ball. A royal order directed the fabrication, in the same manner, of 


two 24-pounder cannon (weight, 20 quintals, 4400 lbs. English), two 16-pounders (19 
quintals, 4180 Ibs. English), and two 12-pounders (16 quintals, 3520 lbs. English). Some 
of the pieces were cracked in the proof. In one of these a new breech was put, and it 
stood proof. They were forged by hand. 

There was at Paris, in 1830, a very handsome wrought-iron mortar, 64 inches bore, 
weighing 220 lbs., and made in 1775 at Madrid, by Ortega. The collection at Woolwich 
contains a German wrought piece of 1775. 

Texier de Norbec saw at St. Sebastian, in 1780, wrought-iron cannon proved at that 
placesin 1766, and which had remained since that time under an open shed. They were, 
he says, but little affected by rust. 

1782. In France much interest is taken in wrought-iron pieces. Langevin makes two 
4-pounders to the order of Marshal de Castries; and Bradelle, of Bordeaux, made many 
for the owners of privateers, at the rate of twenty-five sous per pound. 

1792. The celebrated Monge, in his large work, “Description de l’Art de Fabriquer 
les Canons,” strongly advocates the advantages of substituting wrought-iron for bronze; 
and adds, that the trials made in France at the forges of Guerigne, and at those of Cebada, 
in New Castile, had been crowned with success. 
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1796. In France, bronze artillery proves again to be of little durability. La Martilliere 
supposes that at the peace there will not be less than 1410 of these cannon to be recast, 
being completely unserviceable. He proposes to make, of wrought-iron, small chambered 
pieces, such as were formerly used at sea, loading at the breech, to replace them. 

1804. They manufacture in France wrought-iron pieces. 

1812. Fabrication of a wrought-iron 3-pounder at Gleiwitz. 

1813. In France the Iron Company of St. Etienne offers, during the frantic efforts 
made to restore the vast materiel lost in 1812 by Napoleon I., and instantly required for the 
impending campaign, to deliver daily eight 24-pounders of wrought-iron. An 8-pounder, 
presented for trial, sustains four discharges with 3 lbs. of powder, and five with 4]bs. This 
piece appears to have been composed of bars wound round an inner welded iron tube, and 
joined into one mass with silver solder, and a screw breech. The cost of fabrication was not 
to exceed that of recasting bronze pieces. 

1820. Professor Persy, in his Notions on the Forms of Cannon, proposed to forge iron 
pieces on a core. 

1820. Mallet and Pottinger supply wrought-iron 3-pounder guns, forged in one piece 
with screw breeches and flint locks, for the Coast-guard Service in Ireland, to the British 
Government. 

1828. Horton takes out a patent for wrought-iron cannon. The wrought-iron cannon 
made at Gleiwitz in 1812 is proved. It becomes much heated, and cracks; but sustains, 
notwithstanding, a great number of rounds, with a charge of powder half the weight of 
the ball. 

1830. A cannon made of bar iron, wrapped spirally, and soldered with copper (hard 
soldered) does not sustain the proof fire. 

Meyer, in his ‘t Experiences sur les Bouches a Feu,” &c., says:—Mr. Rhodes, a skilful 
and practical naval constructor, employed for some time by the Turkish Government, 
states that there are (in 1834) in the Arsenal at Constantinople, many wrought-iron cannon, 
of calibers varying from 100-pounders to the smallest sizes, which are no longer con- 
sidered suitable for service. By direction of the Sultan, some of them have been cut 
up, both in cross sections and longitudinally, to ascertain the manner of their fabrica- 
tion. They were found to be composed of bars surrounded by bands, like the staves and 
hoops of a cask,—the whole united together, those of larger size being formed on a maun- 
drell, and the smaller ones forged solid, and bored out. There were several successive 
series of these bars and hoops, laid on each other to make the requisite thickness of the 
metal, and the junctions of these layers, as also of the bars and hoops of the same layer, 
were distinctly perceptible. 

1843. The large wrought-iron gun, which afterwards burst on board the Princeton, is 
constructed by Messrs. Ward, of Massachusets, U. S. 
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1845. This gun is replaced by one forged by the Mersey-steel Company, Liverpool, 
which stands the proofs. 

1845-47. Treadwell, Mechanical Engineer of the United States, proposes and carries 
into effect the manufacture of wrought-iron cannon, by an improvement of Villons’s process, 
welding together successive hollow disks of wrought-iron on a maundrell, by the pressure of 
an hydraulic press, in place of blows; 6, 9 and 12-pounders stand proof in America, and a 
32-pounder at Vincennes. 

Some beautifully formed small guns, forged each in one piece, at Erzeroum, were 
in the Exhibition of 1851. 

1852. Captain Simmons, R.E., and Mr. Walker patent a wrought-iron gun (in 
which it is not clear what is the patentable novelty). The gun itself, made for Govern- 
ment, a 32-pounder, stands repeated trials at Shoeburyness. The gun-carriage, of iron, is 
very similar to Perring’s, patented in 1817. 

1854. Innumerable propositions are made for the construction of wrought-iron guns, 
some of which are submitted to trial at Woolwich, and fail. Amongst these propositions 
are :— 

Wrought-iron guns of wire wrapped round an iron tube, brazed or not. 

Wrought-iron, lined with tubular chase of bronze. 

Bronze gun lined with wrought-iron tubular chase; this was done at Strasbourg 
a century ago, and failed. 

Welded twisted barrels, formed by screwing into each other spirals of triangular 
section, one being reverse to the other, and then welding. 

Wrought-iron guns, formed of boiler-plate wrapped upon itself, or upon a central 
tube, and many other such schemes. 

Mr. Nasmyth undertakes an enormous gun of 13 in. caliber, and fails to forge it. 

1855. An 8-in. gun, forged of wrought-iron at the Gospel Oak Works, bursts at Wool- 
wich at proof. The iron of fine, but unfit quality; welding largely defective. (See 
Note Q.) 

Dundas and others produce solid forged guns (9 and 12-pounders) for proof at Wool- 
wich. 

1856. While these sheets are passing through the press, Messrs. Horsfall of Liverpool 
have completed and proved with a solid shot of 300 lbs. and 45 lbs. of powder, an enor- 
mous wrought-iron gun, 13 in. caliber; 133 ft. length of chase,—perhaps the largest and 
most remarkable forging ever made; and two wrought-iron mortars of 36-in. caliber, 
built up of separate pieces, on principles developed in the text, from the author’s designs, 
are nearly completed for the British Government. 
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NoTE REFERRED TO IN Pace 314. 


“ Barly Use of Charcoal Fuel.—There are five different words in the Hebrew Bible which are all rendered ‘coal’ 
in the Authorized Version. Of these, 9§myj (schehhor), which is found in Lamentations, iy. 8, does not come under con- 
sideration heme, the exact apis of the term sa ‘blackness,’ as it is correctly translated in the meine With ar 


any clear idea from ne en as to the nature of the er, meant. 

“ The first term, pnb) is used to signify both carbo and pruna, i.e. coal or fuel, either notignited or in a state of combus- 
tion; but it seems more “properly to denote the former; the root signifies, ‘to be black.’ In Proverbs, xxvi. 21, we meet 
the following passage :—‘ As coals (one, carbo) are to burning coals (oyna, gehhalim, prune), and wood to fire,’ &c. From 
this passage, by itself, we might possibly infer that the pnp, ‘coal,’ as distinguished from the Dyy (€tsim ‘ wood,”)implied some- 
thing of a mineral nature, especially if we couple the idea of ‘ blackness’ with that of fresh, not yet ignited fuel. The term 
nbn (gahheleth) is that most commonly adopted to signify ‘ burning or lighted coal;’ and it certainly, in the majority of 
instances, is used in reference to wood: e.g.—Isaiah, xliv. 19 :—‘I have baked bread on the coals thereof,’ i.e. on the coals 
of the same wood out of which the idol was made. And again, Psalm cxx. 4, coals of juniper, a sna (gahhale retha- 
mim), i.e. of juniper wood, which, like the tamarisk among the Arabs, was supposed to make the hottest and most lasting 
fire. The ‘coals of fire from the altar,’ Levit. xvi. 12, seem to mean lighted billets of wood. 

“The term myn (ritzpah) is found only, I believe, in Isaiah, vi. 6; and there our English version renders it ‘a live coal ;’ 
but the lexicographers say, that it rather means ‘a heated stone,’ the derivative pointing out a stone such as was used in forming 
tesselated pavement. A word of kindred form and origin is met in 1 Kings, xix. 6 :—‘ Elijah looked, and behold a cake baken 
on the coals,’ eal my (uggath retzaphim), literally, a cake (baken) on stones, heated stones. As for the last word, aa) 
(reschaph), translated ‘coals,’ in Deut. xxxii. 24 (Marg.), Song of Solomon, viii. 6, and Habak. iii. 5, it rather means the 
heat and flame of fire, than the material producing it.” 

To my learned friend, the Rev. William Carroll, A.M., Vicar of Glasnevin, county of Dublin, I owe the above. 

I have abstained from any similar attempt to ascertain the earliest notices of nitre, as to which a great deal of learned, 
but, to our subject, not very pertinent matter, may be found in Beckmann, “ Hist. Invent.,” because, however important it 
would be to the history of gunpowder in Europe to ascertain whence its early supplies of nitre came, the question of its 
earliest written notices in Europe are unimportant; and in Asia it existed as a widely diffused natural product always ; it 
would, therefore, be impossible to show a time when it was not known in this, the seat of the first known use of gunpowder. 
aa A) 


Nore B.—(Secr. 1.) 


SHELL guns, almost limited at first by their chief proposers to the subordinate place of 
throwing hollow shot or shells, at moderate velocities and low elevations, against earth- 
works, but principally against shipping, where the shattering and splintering effect of such 
projectiles is legitimately applied, have had, within the last ten years, a preponderance in 
number and application given to them, especially on board ship, the evils of which Sir 
Howard Douglas has fully exposed in his “‘ Treatise on Naval Gunnery.” 

Tn place of whole tiers of hollow shot guns, of large caliber, of proportions unsafe for, or 
even ineapable of bearing, the discharge of solid shot, with full service charges, the improve- 
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ments in naval construction, as well as the necessities of coast attack, developed within the 
last year or two, have forced attention to the necessity of providing our ships with guns, 
that shall throw solid shot of the greatest possible weight, and with the highest velocities 
and longest ranges. 

After lengthened experiments and many difficulties, it had been found that shells, up to 
10 inches diameter, could be thrown at nearly horizontal ranges, and at high velocities, from 
shell guns. The success was pushed too far. It was said that the new method rendered 
useless the older notions of throwing shells by vertical fire, and that mortars were no longer 
needed. The result was, that when the hour of trial came, we possessed scarcely any 
mortars, and no mortar vessels, and did not know how properly to construct either. 
Experience, gathered when it had become too late to employ it, proved how widely we 
had erred, in abandoning and underrating the ancient methods of bombardment. 

So far from being fitly abandoned, it soon became evident that the adoption, upon 
a larger and more extended scale than had ever before been known, of the system of case- 
mated fortifications, for coast line fortresses, on the part of the enemy, would compel us to 
reinforce the ancient powers of vertical fire, by increase of range, velocity of descent, and 
weight of shell, if we were to produce any effect in that way upon these formidable defences. 

Upon examining into the comparative increase of effect that might be expected from 
increase of diameter of shells, above those ordinarily in use, I found, with some surprise, 
that the military literature of Europe, so far as I had access to it, did not contain an 
attempt even to ascertain this in a rigid manner. Tables, indeed, exist in foreign services 
(imperfectly in ours) of the range, deviation, penetration, &c., of the three or four sizes of 
shell, long in common use; but it does not seem to have ever occurred to any military 
author to discuss these into general laws with relation to the variable diameter of the shell; 
or if, admitting their basis‘to be too narrow for such a discussion, to determine, a priori, 
the physical and dynamic laws which, applied to shells of different magnitudes, would 
enable such a comparison of effect to be made. 

Having proposed to Government, about the latter end of 1854, the construction of shells 
and mortars of 36 inches diameter, for certain special services, I found it necessary to make 
some such investigation, to compare the effects of shells of 36 inches diameter, and of given 
proportions, with the largest existing shells then in the British service, viz., 13 inches 
diameter. 

The following is an abstract,—I make no apology for adding it to this Note, as forcibly 
indicating the value of increased magnitude in hollow projectiles, and of vertical fire. 


Relative Powers of Shells, in proportion to their Dimensions. 


In the attack of fortified places by bombardment, the efficiency of similar shells, thrown 
with equal address, would seem to depend upon— 
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1°. Penetrative power, which, unlike that of solid cannon shot, does not depend 
solely upon the nature of the resisting medium, the diameter and velocity of 
the ball, but in the same medium is a function of the diameter and weight, 
or density, and of the velocity of descent. 

2°, Explosive power, in the direct ratio of the weight of included powder. 

3°. The levelling power, or extent of the area of demolition, a function of the ex- 
plosive power, or of the weight of included powder. 

4°. The fragmentary missile power, dependent upon the mass, average number, 
and distance, to which the fragments are thrown. 

5°. The moral effect, resulting from and proportionate to, the destructive effects of 
each explosion, and upon the degree in which it is possible to guard against 
or to escape them. 


With spherical, similar shells, and charges, it is probable that the penetrative, explo- 
sive, and missile powers increase, at equal velocities, with the weight of iron and of powder, 
nearly as D* (the external diameter), within certain moderate limits ; but when the diameter 
of the shell shall greatly exceed the largest hitherto employed, the powers upon which the 
eflicacy of the missile itself depends will be found to increase in a far higher ratio. The 
maximum range, due to projection at equal angles, and with proportional charges of pow- 
der, will be found also to increase with D. 

From the middle of the seventeenth century when Malthus,—an English gentleman, 
and apparently not a soldier,—having learned the practice of throwing shells in Holland, 
perfected the system for the French (being the first to throw them in France, at the 
siege of La Mothe, in 1643), up to the present time, but very slight modifications appear to 
have been made in the diameters of shells in established use throughout Europe. Borrowed 
from the old French standard of a Paris foot in diameter, the 13-inch shell appears to be 
about the largest employed in any service. England, Hanover, Spain, Russia, and Sweden, 
use shells larger than those of the other European powers, and those of Russia and Sweden 
a little exceed all the rest in size. 

Hollow projectiles are said to have been used, on the earliest recorded occasions—at 
Naples, 1495; at Padua, 1509; at Heilsberg, 1520; at Mézieres, 1521; at Rhodes, 1522; 
and at Boulogne, 1542; and were made of wrought-iron, of bronze, of alloys of lead and 
tin, and finally of cast-iron, as now. Although limited, in the seventeenth century, to the 
existing sizes, the preceding century witnessed the use of bombs (cominges) of a very 
much larger size. At Boulogne, as early as in 1542, shells of 19 inches, French; at Berlin, 
in 1683, shells of 1100 Ibs. weight, existed; at the bombardment of Genoa, in 1684, shells 
of 1320 lbs. were thrown; and even as late as 1745, at the siege of Tournay, the 
French threw shells of 18inches, weighing 550 lbs. See Valturius, ‘De re Militari,” 
Paris, 1534; Gentilini, “ Instruttione de Artiglieri,” Venice, 1598; Biringoccio, ‘“ Piro- 
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technia,” Venice, 1550; and Collado, “ Practica Manuale del Artiglieria,” Milan, 1641. 
The French found, on taking Algiers in 1830, numbers of shells weighing nearly 900 lbs. ; 
and the Swedes, in 1642, used shells of 462 lbs. weight, and holding 40 lbs. of powder; 
and, in most arsenals of Europe, an old shell or two, from 16 inches to 18 inches diameter, 
may be found preserved as a curiosity. 

With the exception, however, of the attempt made by the French, in 1832, to construct 
a 24-inch mortar, and apply it at the siege of the citadel of Antwerp, no essay seems to 
have been made in recent days to realize the vast increase of power that such large shells 
must confer; scared, apparently, by their former abandonment, which (Antoni, “ Uso 
delle Armi da Fuoco,” Torino, 1780, states) arose from the awkwardness of loading, which 
prevented more than one discharge in forty minutes, and from the great cost of the manu- 
facture of such shells in the condition of iron-founding at that time. A 20-inch mortar 
was cast in England, some years since, for the Pacha of Egypt, a solid shot from which, 
on proof at Woolwich, penetrated the butt to an enormous depth; but it never appears 
to have been used. 

The “ Monster Mortar” of Antwerp, as it was called, was designed by Colonel Paixhans, 
and east, at Liege, by direction of Baron Evain, Minister of War. Its form was crude; a 
mere cylinder, embedded in a mass of timber. The dimensions of the mortar were :— 


Inches. 
Dotaldencth,e, sy <u tapes sek oe SEE 
Miameterontside, i) sayeth Mine |e) sero) 
Caliber, cele ated ono acta aio 
Length of chase from top of chamber, . 27 
Depth ofchamber,,.- ©... .-19 
Diameter of chamber, ...... 9 


When afterwards burst at Braschaet, the casting was found to present those defects 
which, upon principles developed in the text, are inevitable to huge masses of cast-iron, 
suddenly varying in solid dimensions. 

The weight of this mortar was 14,700 lbs.; that of its bed, 16,000 lbs.; the weight of 
the empty shell was 916 Ibs.; the charge, 99 lbs. of powder; giving a weight for the shell 
in flight of 1015 lbs. The chamber of the mortar would hold 30 lbs., but about 12 lbs. of 
powder were found sufficient to throw the shell 800 or 900 yards. When brought into 
position against the Citadel, at about 1000 yards range, after one or two preliminary 
trials, it was found that a shell could be fired about every forty minutes, the loading being 
performed by an awkwardly constructed balanced lever or “ chevalet.” But few shells, 
however, were fired,—not above twenty in all,—all those provided, which had only an 
average thickness of about 2 inches, being found so weak about the “ culot,” or bottom of 
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the shell, that they rarely resisted the shock of projection, and burst near the mouth 
of the mortar, while the fuzes of others seemed to be bad. The very few, however, that 
were fired successfully, produced effects so formidable, that the capitulation, which took 
place before the breach was practicable, and within a few hours from the explosion of the 
first shell, was presumed to have been much precipitated by the persuasion of the Governor, 
General Chasse, of the impossibility of maintaining the fortress under their continued fire. 

One of these shells fell within a few yards of the principal powder-magazine, but did 
not explode; had it fallen on the magazine, which was presumed bomb-proof, it was the 
universal opinion of military engineers present, that it would have pierced the arch. The 
magazine contained above 300,000 lbs. of powder: its explosion, therefore, as in the case 
of the magazine accidentally blown up at St. Jean d’Acre, would have settled the contest 
at a blow. 

This mortar, than which a more unwieldy, ill-constructed, and unmanageable instru- 
ment could scarcely be conceived, was afterwards burst in experimenting with it on the 
Heath of Braschaet. After having been fired with various charges, from above 40 lbs. 
downwards,—by which it was ascertained that less than half this quantity sent the shell as 
far as the greater,—a charge of only 9 kilo. = 19-845 lbs. of powder, burst it. 

The unsatisfactory practice of these shells at Antwerp, as the author had opportunity 
of knowing, arose from their defects of construction, from the extreme awkwardness of the 
construction of the mortar and of its bed, and of the means employed for handling and 
loading these heavy shells. Some experiments were made, in 1833, at Braschaet, which 
proved that these shells, thrown to about a range of 3000 feet, at 45°, penetrated into the 
solid earth of the Heath from 7 to 8 feet, and that the explosion of the bursting charge of 
only 55 bs. produced a crater of about 20 feet diameter. The splinters averaged from 
twelve to fourteen, and were thrown an average distance of about 100 feet. 

This appears to be the largest scale upon which any attempt to throw shells, of a size 
to be properly termed ‘“‘ Transferable Mines,” had been made up to 1854. 

The weight of a 13-inch shell in flight varies from 180 lbs. up to 230 lbs.: the Antwerp 
shell weighed as much as about five and a half such shells. 

We are now to compare the 13-inch with the proposed 36-inch shells. 

The weight of iron in the empty 36-inch shell may be assumed at 2481 Ibs., and the 
weight of bursting-powder, supposing the internal cavity full, at 480 lbs.,—so that the total 
weight of the shell in flight would be 2966 lbs., or above 14 tons. 

Assuming the angle and altitude of projection to be the same, and hence the velocity 
on reaching the earth, neglecting resistance of the air, the penetrative effects of this shell, 
as compared with a 13-inch shell, will be directly as their respective weights, or as, say, 
200: 2966, which is nearly as 15 to 1 in favour of the large shell, supposing the surfaces 
of impact the same. 
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In imperfectly elastic solids, such as masonry, brickwork, earth, &c., the resistance to 
penetration, immediately after impact, may be assumed to vary.as something between the 
diameter and its square; it will certainly be much less than proportional to the areas of 
the great circles of the respective spheres. It will be safe, therefore, to say, that the 
penetrative power of the 36-inch shell will be at least sixfold that of a 13-inch shell. 

Experimental data are wanting to enable any precise calculation to be made for any 
given material. We do not know in what way or to what extent the surrounding material 
is moved or compressed. A 13-inch shell penetrates solid sand and earth about 2°5 feet; 
the Antwerp shell penetrated such earth about 7:5 feet, or three times the depth, its weight 
being about five and a half times as great. 

The 36-inch shell might, therefore, be presumed to penetrate at least 15 feet into com- 
pact earth; and, upon exploding, to excavate a crater of 40 feet in diameter; and, as a 
depth of about 6 feet in earth has been found to give the maximum excavation or crater 
from the explosion of a 13-inch shell, so this depth of 15 feet would give about the same 
result for the 36-inch. 

Thrown at a low velocity, the resistance of the air, to shells in flight, is, perhaps, 
directly proportionate to the area of their great circles, or to D*; or, in this case, again com- 
paring the 13-inch and 36-inch shells, to 169 : 1296, or as 1 : 7:66, or nearly as 1 to 8. 

The energy of motion, however, or their respective powers, at equal velocities, to 
overcome this resistance, is as their respective weights, or as 200: 2966, or as 1:15 
nearly. 

The retarding to the moving forces, therefore, in the two shells, are as— 

Sizelioy 
or nearly 2 to 1 in favour of the large shell. 

It is certain, therefore, that much smaller proportional charges of projection may be 
used for equal ranges with these large shells; and that, with equal projectile charges, the 
velocity of descent from the trajectory will be much greater. 

The projecting charges for 13-inch shells varies from 15 to 20 lbs., the extreme range, 
at 45°, being 4700 yards, or 2:10 miles. 

Assuming equal horizontal ranges at equal elevations, as due to equal velocities, the 
charges for projecting different shells with equal velocities must be in proportion to the 
work done in each case; or as 


MV?: M'V2 
or as 


M:M when V=V'. 


This would give a projecting charge at maximum of nearly 140 Ibs. for the 36-inch shell; 
but, as indicated in the text, the proportional effects of very large masses of powder are 
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greater than those of small bulks. Less than one-half of this charge would probably be 
sufficient in practice for every requirement. 

As the relation between aérial resistance and momentum, however, has been shown 
to be as nearly 2 to 1 in favour of the 36-inch shell, there can be no doubt that, with a 
proportional charge, a range very much above that of a 13-inch shell could be obtained, 
and that an extreme horizontal range of from three to four miles might be anticipated. 
Such extreme ranges, however, are not the important question or advantage as respects these 
large shells, whose most valuable and effective uses, would probably be found at much less 
distances, or within a range of 1000 yards. 

Before dismissing the subject of the penetrative power of these large shells, one more 
remark should be made. 

In the destruction of buildings, &c., it is all important that the shell before explosion 
should enter the interior. This always involves questions of relative inertia, in which the 
greatness of the mass of the falling shell, as opposed to the mass of the body to be moved or 
pierced, whether arch, floor, or solid earth, are elements. It is almost inconceivable how 
vastly greater will be the shaking and dislocating effects upon structures, of a mass falling on 
them of 1} tons weight, as compared with the insignificant weight (200 lbs.) of a 13-inch 
shell, which with difficulty pierces through a well-made brick arch, of moderate span, 
and three bricks thick. It seems probable, that not one of the casemated forts of the 
Russian fortresses could sustain the shock of the fall of a 36-inch shell, without total dislo- 
cation. 

Authors on military architecture state that vaults of masonry of 40 inches in thickness 
are to be considered bomb-proof, and the tables of fire give a penetration into masonry of 
13-inch shells, at extreme ranges, of only 3 or 4 inches. At the siege of Tournay, in 1745, 
forty or more bombs are said to have fallen upon the magazines, without doing much in- 
jury. One element, however, seems to be omitted by all authors who have treated of this 
subject, namely, the span of the arch, the weakness of which, to resist the shock of shells, 
must increase more rapidly than the width, for equal depth of voussoir, and very much must 
depend upon the character as to weight, elasticity, and crushing resistance, of the material 
itself of the arch. A heavy, moderately soft, tough brick arch, well jointed and bonded, 
will probably offer a much greater resistance, for given dimensions, than one of hard, elastic 
stone, unless the latter be in very heavy blocks. 

The explosive power of any shell being, as stated, directly proportionate to the weight 
of powder it contains, it might seem at first that the destructive effect of the explosion in 
shaking and levelling buildings, &c., will have a focus or area of action in the like proportion. 
The explosion of a shell may be regarded, at the first moment, as equivalent to the sudden 
ereation of a sphere of elastic gases, equal to, say, about one thousand times the volume of the 
contained powder. This produces, by its sudden expansion, a blow or pulse upon the sur- 
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rounding air, which is propagated outwards, in all diretions, in spherical shells or waves, 
moving with uniform velocity, which is about equal to that of sound in air, but with a 
continually decreasing range of pulse or amplitude of wave oscillation. As the distance from 
the point of explosion increases, the quantity of elastic matter in motion, at any moment after 
the explosion, must, in accordance with the general mechanical law of the conservation of 
vis viva, be equal to that in the original spherical generating wave, to whose volume 
that of every subsequent spherical shell must be equal also at the same phase of the wave, 
or at the instant of equal density. The surface of each spherical shell increases in the ratio of 
A, and if the entire phase of the wave (i.e. the oscillation to and fro) be 2a, the impulse 
at any point of the surface of any spherical shell, at the distance & from the origin, is pro- 

: il 
portional to 2a RP 

The shock, or overturning power of the elastic wave, or, what is the same, the energy 
of the explosion in overthrowing objects, is at every point around (above the earth’s 
surface, upon which we may suppose the shell to explode) inversely proportionate to the 
square of its distance from the focus of explosion. In fact, it follows the law of light, and 
sound in air. But the amplitude of the wave is originally proportionate to the weight 
of powder exploded. A determinate extent of oscillation is necessary to overturn or destroy 
any given object, whether it be to overturn a wall or to break a window; therefore, any 
such object will be overthrown by unequal quantities of powder at distances greater as the 
quantity is greater. This is the power of demolition in any radial direction round; and 
as this power acts alike within a circle having this for its radius, and whose area is propor- 
tionate to R®, the total power of demolition, therefore, of any shell varies directly as the 
square of the weight of powder exploded. 

Comparing, then, the 13-inch and 36-inch shells, the total power of demolition is as 
12?: 480%, or as 144: 230400, or as 1: 1600; and equal demolition will take place at radial 
distances from the point of explosion, greater in the ratio of 40:1. Nor can it be con- 
cluded from this, that the extent and character of demolition would only be that of forty 
13-inch shells: for it is obvious that the explosion of the 36-inch shell will be capable of 
overturning or destroying objects which the explosion of a 13-inch shell, or of any number 
of successive 13-inch shells, however great, could never move at all. 

The missile power of the shell as against fixed objects (and such shells are not intended 
to act against troops, but against the material, buildings, and other essentials of fortified 
places, or against shipping) depends upon the total weight of fragments, and on the dis- 
tance to which they are projected; the latter will vary about as the / w, the exploded 
powder, for a given weight of shell; hence, in the 13-inch and 36-inch shells, as 
190 x 12: 2486 x 480, or as 665: 54443, or as 1:81. In this respect, therefore, 
the large shell is above eighty times as destructive as the largest now employed. 
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The fragments of 13-inch shells are stated sometimes to range nearly 2500 feet 
(Piobert). 

The number of fragments with similar proportioned shells would probably be the same 
from both, about twelve or fourteen; but if the 36-inch shells were somewhat thinner in 
proportion, the greater energy of the included bursting-charge, would produce a greater 
number of fragments. A few large fragments will, however, be generally most advan- 
tageous with these large shells. And here again, for the same reason that one heavy shot 
may batter down an object upon which any number of much lighter shot would produce 
no impression, so the heavy fragments of the 36-inch shell will go through, or batter down 
walls, &c., upon which those of 13-inch shells would have no effect whatever; besides 
which, the largest of the fragments of the 36-inch shells will often be flung to distances 
vastly greater than the average here assumed. 

Upon the moral effects likely to follow the use of these powerful shells it is not neces- 
sary much to enlarge. No splinter proof, no ordinary vaulting, 'perhaps no casemate, 
exists, capable of withstanding the fall and explosion of such masses, one of which would, 
no doubt, sink the largest ship of war or floating battery, upon which it descended. A 
single shell, which fell upon “ Le Terrible,” in 1690, pierced through her upper decks, 
and exploding between decks, in its descent, clearing away much of the upper works of her 
sides, blowing away all the poop, and killing or wounding one hundred of her men. At 
the siege of Namur, in 1746, a single shell, exploding after it had buried itself (in 
probably, stony ground), killed or wounded thirty men. Sir Howard Douglass (“ Naval 
Gunnery”) has given many remarkable examples, also, of the tremendous effects of shells. 

No precaution, therefore, could save either town or garrison, from such shells; the 
“rayon” of demolition of each of which would be so appalling, that it might rather be 
viewed as a suddenly transferred mine, than a mere shell. Wherever such a shell happened 
to alight in a fortified place, its effects would be formidable: if even on plain open ground, 
at some distance from buildings, it would bury itself, and its explosion dig out a formidable 
crater, driving the excavated contents far and wide, and rending the earth around for 
at least double the diameter of the crater. The shock of each explosion would extend 
so far, destroying windows, doors, and roofs, that the place would rapidly become wholly 
exposed to the weather. The undulation of the ground itself, produced by such explosions, 
would often be sufficient to throw down lofty buildings with narrow bases, such as columns, 
chimneys, obelisks, &c., beyond the actual radius of demolition. 

The fuzes of such shells, may best be timed abundantly long, to insure the shells falling 
before they shall burst. The huge weight of the shell, defies any attempt to remove it; 
and the fuze-tube should be made of a size to give a volume of fire, that should defy any 
attempt to extinguish it, and to prevent extinction by the shell burying itself in the 
ground. 
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As respects proportionate deviation in range and in direction, and hence probability 
of striking a given object, it appears from the French Tables of actual practice in service, 
that the mean deviation of 13-inch shells, at elevations of 45°, and extreme ranges (2630 
yards), is about 102 feet in range, and 152 feet in direction. It has also been found, that 
the probable accuracy of fire with solid projectiles, point-blank, increases in the ratio of 
the square of the weight, for the same density, and directly as the density of the projectile. 
This should also apply to the causes of deviation in jlight, alone, of shells. The density of 
the 36-inch shell is not quite &s great, in the proportions proposed, as that of the 13-inch 
shell, but may be made so. In that case, the probable accuracy of fire, at equal ranges, 
would be as 29667: 2007, or as 8797156: 40000, or as 219:1; or, at double the range of a 
13-inch shell, the increased probable accuracy of fire would be about as 100: 1. 

This takes no account of any causes of deviation but those operative in flight,—making 
the most ample allowance for all others, the accuracy of fire of these large shells, must 
be assumed at least thirty times as great, as that of 13-inch shells. The French Tables of 
probability of shell-firing show, from a base of thirty years’ practice, that of 100 13-inch 
shells, at ranges of about 550 yards, 3:38 shells are dropped within a circle of 25 feet 
diameter: at 1100 yards range, therefore, at least 45 per cent. of the 36-inch shells fired 
might be expected (after due experience) to fall within that circle, or within a space less 
than half the breadth and one-eighth the length of a ship of the line. 

The cost of each 13-inch shell, in flight, may be estimated at about £2 2s.; and that 
of each 36-inch shell at about £25, or as nearly 1 : 12; but to transfer to the point of effect 
the same weight of bursting-powder, 55 13-inch shells must be fired; or— 


PR beUe tated teen eats SOA 100 
1 36-inch shell, at £25,.... .. 25.00 


Saving in favour of large shell, .£90 10 0 


And this asswmes that the 55 smaller shells cou/d do the work of the single large one. 

I shall conclude and support this Note by quoting the following opinion of General 
Piobert, “ Traite D’Artillerie,” tom i., p. 286 :— 

“Les mortiers, premiers bouches a feu qui soient parvenues a un certain degré de 
perfection, sont encore susceptibles de recevoir de notables améliorations; malgré les 
changements apportés, il y a soixante ans, dans leur construction. Enfin, les pierriers, qui 
sont les plus anciennes bouches a feu, sont restés dans un grand état, d’imperfection, et 
l'efficacité de leur tir, est méme inférieure 4 ce quelle était, a l’origine de ]’artillerie. I 
résulte de 1a, que les feux verticaux, qui seraient susceptibles de jouer un réle important 
dans l’attaque et dans la défense des places, laissent beaucoup a désirer sous plusieurs rap- 
ports, aussi toutes les améliorations dont l’ancien matériel de lartillerie était susceptible 
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dans cette partie, n’avaient pas été réalisées, lorsqu’on s'est arréte, dans la voie de modifi- 
cations ot l’on était entré.” 

The value of vertical fire from suitably constructed mortars remains yet to be fully 
understood and developed, as the only means of obtaining greatly extended ranges. Recent 
trials, proving the facility with which shells filled with melted cast-iron may be discharged, 
add immensely to the value of vertical fire, by providing an effective incendiary projectile, 
whose density is little short of that of a solid shot, and therefore capable of projection to 
an immensely increased range, at 45°, over any ordinary shell or hollow projectile. 

As indicating, forcibly, the important results to be anticipated from increasing the 
weight and power of our artillery in all its species, I have deemed this Note, though long, 
not irrelevant to the text of a work, whose object is to point out some of the principles 
upon which such aggrandizements of power must depend. 


Nore C.—(Szcr. 2.) 


Tuere have been two great epochs of increased strength in the history of gunpowder: the 
first, and very early one, when refined saltpetre began to be substituted for the crude salt, 
containing not less than 25 per cent. of inert or injurious matter; the second, dating from 
the sixteenth century, when the graining or corning of the dusty meal-powder, before alone 
in use for cannon, became common. 

The sulphur of early powder, probably, did not differ very materially from that now 
employed; but no determinate rules as to the best quality of charcoal, or of special methods 
for its preparation, appear to have been established until times comparatively recent. 

Motives of economy, probably, induced a parsimonious use of nitre, in most of the early 
powders, while this material (at all times the most costly element of powder) was collected 
in Europe, and previous to the opening up of the vast supplies now derived from India, 
According to Tartaglia, at the beginning of the sixteenth century, cannon powder was 
composed of four parts of nitre, one part of sulphur, and one part of charcoal, which is equi- 
valent to only 663 per cent. of nitre; while musket powder contained 77 per cent. For 
the composition of powder in the time of Cardan (1501-1575) vide Fred. Hoefer’s “ Hist. 
de la Chimie,” t. 2, p.101. It would be a matter of great interest to ascertain the price of 
powder, at the earliest, and for successive periods downwards, in the history of Europe. 


The chief European Government powders of the present day have the following com- 
positions :— 
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Nitre. Charcoal. Sulphur. 

England, .... . 75 15 10 

WraniCery ery crercne no 75 12°5 12°5 
SATISEYIEG I. Weve antl s 75 15 10 

Sweden, a: <) cy +e 75 he ea 9 

PMASSIG, aye apron 75 13°5 115 
PATIIGEICES Oe bats) Kata 75 12°5 12°65 
talys, renee ts 76 12-0 12:0 
RURSIS poe hye Leta 70°6 177 Liey, 
(OLE a a at Bh a 75°7 9°9 14-4 


In 1819, according to La Martilliere, the French cannon powder consisted of—Nitre, 76 ; 
charcoal, 15; sulphur, 9; and similar slight variations of proportion appear to have occurred 
from time to time in other states. On the whole, however, the constitution of powder has 
remained very uniform for above a century; nor does either the general history of the 
combats of modern warfare, or the more precise experiments with the eprowvette, intended as 
tests of the strength of powder, indicate any very material difference or gradual increase in 
the ranges produced from equal charges. It appears to be an opinion, somewhat generally 
affirmed by well-informed British artillery officers, that the great and rapid destruction of 
artillery in service recently, can in no wise be attributed to anything particular in the 
powder; for that the records of the governmental proofs show incontestibly, that the powder 
of the last century, gave ranges as great as that of to-day. 

This may be—is, no doubt, the general fact; but it is submitted that it is not the ques- 
tion. The length of range may be the same, and yet the distress upon the gun very diffe- 
rent; nay, the range may be much less, and yet the distress much greater. 

The rapidity of ignition is the great element upon which the latter depends, other 
things being the same; and eprouvette trials give no information whatever on this point, 
which seems still to demand a special train of researches, in order fully to ascertain what 
quality and composition of powder shall give the greatest range with the least distress upon the 
gun which shall have been found best fitted to develop its full motive power. 

The rapidity of ignition is, in fact, for the same composition, almost wholly a question 
of molecular condition, one of greater or less subdivision and intimacy of mixture of the 
ingredients, of the degree of condensation of the ‘‘cake,” perhaps of the crystalline con- 
dition both of the nitre and the sulphur; and, lastly, of the form, size, and character of 
surface of the individual grains of powder, their hygrometricity, &e. 

Now, the general tendency and effect of every mechanical improvement which has been 
made in modern times in the machinery of powder-mills, at the suggestions ofeconomy, safety, 
and expedition in the manufacture, have been inevitably to magnify such of the above con- 
ditions as produce rapidity of ignition, though, perhaps, adding nothing perceptibly to the 
motive effects. This was very strikingly evidenced in France, when, in the year 1828, 
the introduction of certain new,and, it was thought, improved, machinery into some of the 
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Government powder-mills (Bouchet), resulted at once in the production of a powder whose 
ignition was so rapid, that, after patient and careful trials, it was found their bronze guns 
were injured by it to such an extent, as to induce its immediate abandonment, and powder 
of this character is since known in France as ‘‘ Poudre brisante.” 

How far the opinion thus referred to in the text, that modern powders visit on cannon 
an increased distress—an increment of long and slow growth—as compared with the 
powders of the middle of the last century, and previous, may admit of historic or of expe- 
rimental confirmation or reversal, I know not. The general impression of foreign profes- 
sional writers on the subject, however, appears to me to sustain it :— 

“Ce n’est done qu’a mesure que les bouches a feu, plus solidement fabriquées ont permis 
de donner a la poudre plus de force, qu’on est parvenu, par le simple tatonnement, a trouver 
la proportion la plus convenable au dosage des trois matieres, ce qui de concert avec de 
meilleurs procédes observés dans la fabrication, a successivement amené la poudre au degre 
de force oi elle est parvenue, et ou elle est enfin restée depuis quelques années.”—La Mar- 
tilliere, t. 1, p. 6, Paris, 1819. 

“Une deuxieme consideration encore plus importante, est la plus grande force de la 
poudre de guerre d’aujourd’ hui,—qui agit plus puissamment pour la destruction de la piece 
que pour chasser le projectile. Nos plus nouvelles bouches a feu ont incontestiblement 
plus de tenacité que les anciennes: quelques essais et la seule inspection de la cassure des 
dernieres qui est presque noiratre” (cast-iron guns namely), “et qui n’offre que des soufflures 
grossieres le prouve suffisamment;.... néanmoins les chroniques anciennes ne font aucune 
mention de ces accidents malheureux si frequens anjourd’hui. Sans explication que nous 
verrons de donner sur la force de la poudre ce phenomene serait tout-a-fait incompre- 
hensible, d’autant micux qu’autrefois la charge de poudre des canons etait plus forte 
qu’aw jourd’hui.”—Moritz Meyer, Cap. de /’Art. Pruss., pp. 105-6, Paris, 1834. 

His editor, Peretzdorf, in a note, says that General Eble, in 1808, made comparative 
proofs of powder of that date, with some a century old, or more, and that the old powder 
was the stronger. The trial seems, however, to have been only one of comparative range 
by the eprowvette, and, therefore, is not in point. 

Proofs made in Bavaria, of ancient bronze guns, which had stood service in former 
years, and yet burst with ordinary charges more recently, and were found on examination 
to be composed of very inferior material, with much accidental foreign metals, and to which 
their weakness was justly attributed, all lead to the same conclusion; however weak, they 
should have withstood the same strain at one time as at another. 

One thing is certain, that civil inventors, or improvers of ordnance, or contractors for 
the supply of artillery, should be well aware, of this great disparity in the distress possible 
to be visited upon guns by apparently precisely the same charge of powder, and weight of 
shot. 
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Norse D.—(Sects. 3, 4.) 


Mucu remains to be ascertained by experiment as to the law of development of the pres- 
sure produced by the gases of the inflamed powder up to its maximum, before analysis can 
do much to advance our knowledge in a way to be practically useful in proportioning the 
strength of guns. 

Poisson published, from the MSS. of Lagrange, some important investigations on this 
subject in tom. xiii., p. 187, &c., of the “Jour. de Ecole Polytech.”—‘ Mem. sur les 
Relations au Movement du boulet dans l'interieur du Canon;” and General Piobert has 
also brought his great mathematical and practical powers to bear upon the subject; but, 
partly from the algebraic difficulties of the question, and partly from want of data, which can 
only be obtained by entirely new methods of experiment, much is yet required to enable 
practical formule to be deduced. 

The proposition of the text, which will be found further sustained by the investigation 
in the subsequent Note S, shows the fallacy in theory of several projectors, who, within the 
last five years, propose to reduce the strain upon artillery, the weight of shot being given, 
by conjoint diminution of caliber, and the use of elongated shot, under the notion that guns 
of reduced thickness can thus be made to answer. 

At the same time, the valuable practical result must be admitted, in the unity and sim- 
plicity of artillery, should it be possible to construct guns of wrought-iron, or in any way, 
of such strength that they should bear to be fired at pleasure, when required, either with 
spherical or with elongated shot, of greatly increased weight. In many of the trials of elon- 
gated shot that have been made, with unfavourable results, at Woolwich, a great theoretic 
oversight appears to have prevailed, in continuing to use the same proportionate weight 
of powder for propulsion as with round shot,—one of the most important advantages 
offered by elongated shot being thus lost, viz., that their great momentum, and proportion- 
ably small aérial resistance, gives an equal or greater range, with a much lower velocity, 
than with spherical shot; and that hence the old proportionate charge of powder is not 
only unnecessary and wasteful, but destructive in its action upon the gun, before the inertia 
of rest of those heavy shot can be overcome. (See “ Artillerie Nouvelle, par M****, Cap. 
de Artill.” Paris, 1850, p. 18.) 

The observations made in the United States, upon the point of greatest wear by deflagra- 
tion, in the interior of the chase of Columbiads (8-inch guns), throw some approximate light 
upon these questions, indicating, as they do, that the spherical shot does not begin to move 
until a large portion, at least, of the powder is ignited, and moves through, from a quarter 
to one half its diameter, before the ignition of the whole is completed. 


In the reference to this Note from Section 256, see also Note I, referring to Section 60. 
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Nore E.—(Szcr. 15.) 


Tue law of crystalline arrangement in crystallizable masses, announced in the text, although 
passing as a clue of illustration throughout this Treatise, would demand a separate work, to 
treat it as its important relations to many of the most interesting questions of Physics, and 
its enunciation, for the first time, would deserve. 

To fulfil this in a Note is impossible; a few remarks should, however, be added to the 
text. By principal azis of the integrant crystal, in metallic masses in the act of becoming 
cerystallometrically arranged, under the influence of heat, or of pressure due to its motion, I 
do mot necessarily mean the optic aais, were such determinable for opaque bodies such as the 
metals, but that symmetric axis of the integrant crystal, whose position, after consolidation of 
the mass, is found coincident with the direction in which the heat wave has passed out from the 
mass, if cooling, or into the mass, if heating; and which direction is necessarily that of least 
pressure within the mass, the pressure being that due to distortion or change of form, by 
contraction or expansion. As matter of observation, this is found to be the longest axis of 
the crystal in metals, and perhaps in all other crystalline bodies. 

But although not ascertainably the optic axis in metallic crystals, future investigation 
will most probably show, through such transparent bodies as assume in mass the same 
crystallometric arrangement, that the principal axis, as the term is used by me, has direct 
relations to the optic axis. 

It is certain that it must have immediate relations to the aes of elasticity of Fresnel, 
which again are in direct connexion with the optic axes, as Savart has shown. The 
relation of these latter, to local or unequal pressure within the mass, have already formed 
the subject of masterly investigations by Seebeck, Biot, Fresnel, Brewster, and others; 
and the analogies betweeen the optic effects due to pressure and to change of temperature 
in transparent solids transmitting polarized light, have been lucidly pointed out by Sir 
John Herschell, who has well explained that in heating or cooling masses, such internal 
strains or pressures are produced -by expansion or contraction as reduce the proximate 
cause of the phenomena simply to one of pressure; heat itself having (so far as inferable 
from those facts) no specific action on the crystalline arrangement, but being merely the 
means through which internal and unequal pressures are produced. Mitcherlich’s facts, 
long since ascertained, as to the unequal expansion of crystals of certain systems in diffe- 
rent axes, even when uniformly heated, indicate unequal elasticity in their respective axes, 
as well as unequal resistance to the transmission of the heat wave; the latter fact—the 
inequality of conducting power of crystalline bodies in different axes—is sustained by the 
researches of Senarmont (‘‘ Annal. de Chim.,” 3 ser. xxi. 457, xxii. 179, xxviii. 279) in 
papers of the highest interest. He even found that unequal pressure, in homogeneous 
uncrystallized solids, altered their conducting power in different directions. 
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These mutual relations are elucidated in Sir John Herschell’s article, Light, ‘‘ Encyc. 
Metrop.,” vol. iv., secs. 1000, 1085 to 1097, 1113. Such investigations form at this 
moment the frontier and vantage ground of future conquest, at once in Physics and 
Chemistry. See also Maxwell's papers on Elasticity, and on Faraday’s Lines of Force, 
** Camb. Phil. Soc. Trans.” Dec. 10, 1855. 

It has been questioned to me, how far the fundamental fact is established, that iron, in 
its several conditions of cast-iron, steel, and especially of malleable iron, is truly crystalline 
at all; whether it may not be possible that the texture of a long, silky-fibred bar of rolled 
wrought-iron, is due simply to the extension and drawing out, long and fine, of the hetero- 
geneous mixture of amorphous metal, and of included and uniformly distributed ‘ cinder” 
(i.e., oxides, silicates, and carburets), which might be supposed to form the mass, as first 
withdrawn from the refinery or “ balling furnace ;” much like as a mass of bird-lime and 
dry clay diffused through it, would probably roll or draw out. 

I cannot admit the force of the objection, or of the analogy. 

All the evidence we possess is in favour of iron having a truly crystalline structure. 
Such is the structure of all so-called elemental solids, and assumed with distinctness 
(ceteris paribus) in proportion as they approach to chemical purity; not only the analogy 
here, but that nearer one with the whole class of all other metals, would be broken by 
such assumption, the crystallizing power being evidenced in all, though developed with 
very different facility, still in an unbroken chain, from bismuth and antimony, which erys- 
tallize so readily, down to whichever may be held most difficult to obtain in crystallized 
masses. But there is positive evidence of the power of cast-iron, of steel, and of malle- 
able iron to assume the crystalline structure. The form of the integrant crystal is obvious; 
perfect crystals may be isolated ; they possess the property of distinct cleavage in well- 
developed instances (Wohler); and the fresh surfaces, often of great size, possess the per- 
fection of plane and of polish, that crystallization can alone confer. Other less broad and 
obvious characteristics, such as difference of resistance to the action of menstrua in different 
axes, might be urged. Or again, the difference of elasticity of (chemically the same) iron 
in different states of development of the crystallization of the whole; and difference of 
elasticity in different directions in the same mass, following observable differences in the 
prevailing directions of the crystalline axes. 

In a word, there appears no more good reason to doubt the truly crystalline arrange- 
ment of the molecules of iron than there would be to doubt that an isolated octohedral 
crystal of native gold, was truly a crystal, because, by the blow of a hammer, we can flatten 
it into a spangle. The masking circumstance is alike in both cases. Metallic crystals are 
all more or less malleable; they are, therefore, susceptible of distortion (to almost any 
extent, in the more malleable metals), and of re-formation, without external change, except 
as to form, in the mass itself. 
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But an additional argument may be drawn from Professor William Thompson’s views 
as to the nature of the forces concerned in thermo-electric currents, from which it would 
seem to follow that iron, or any other body in which a thermo-electric current can be 
excited, can have none other but a crystalline arrangement (Thompson, ‘‘ Dynamic Theory 
of Heat,” Phil. Mag., 1856.) 

In addition to the several examples quoted in the text (sects. 9-15), of the arrange- 
ment of crystalline axes perpendicular to the bounding planes of the solid, I would remark 
a very interesting one, given by the late Professor Daniell, ‘‘ Klem. of Chem. Phil.,” 
sect. 117, p. 88:—If a parallelopiped of tin—hammered or cast, matters not—be placed in 
mercury for some time, the latter is absorbed gradually: it enters the mass by successive 
plane couches, parallel to its surfaces; expansion is produced in the planes of these couches, 
and hence lines of least pressure perpendicular to the same. After a time, the parallelo- 
piped is found split up into six pyramids, by planes penetrating from its edges, and inter- 
secting within it,—their bases being the original sides of the solid; and each of these 
pyramids is found composed of crystals, whose longest axes are arranged perpendicular to 
the original sides, and parallel to each other; and into these integrant crystals each pyramid 
may be subdivided. 

Here is a case in which chemical change—resulting in the formation of, no doubt, a 
definite amalgam—has, owing to the peculiar circumstances of its formation in a state of 
crystalline aggregation, produced an effect similar to that which mere change of tempera- 
ture might have induced in the parallelopiped of tin, had the latter been originally crys- 
talline, or large enough for internal strains to have so arisen. 

Again, the following curious experiment, made by myself several years since, but not 
previously published :—If a portion of Muntz patent rolled yellow metal (Table x1., No.12, 
in text), in the state in which it is used in commerce for ships’ sheathing, bolts, &¢.—namely, 
in which it is tough, malleable, extremely flexible, and endowed with a distinct fibrous 
arrangement in the direction in which it has been laminated or rolled ;—if of this a small 
rod, or a narrow slip, be cut from a sheet, and plunged for a moment or two in a tolerably 
strong solution of nitrate of mercury, and then withdrawn, washed, and wiped dry,—it will 
be found that it has almost instantaneously become rigid, and so brittle that it may now 
be broken into short bits between the fingers, whereas, previously, reiterated bending 
backwards and forwards, between the hands, would have with difficulty broken it at all. 

The surface of the metal is found slightly amalgamated; its fractures present crystalline 
planes, penetrating the solid in directions perpendicular to its faces; and, on examination 
of the fracture with a lens, an extremely superficial, but real, penetration of the mercury 
between the surfaces of the crystals will be observed to have occurred. 

The conditions here were different from the former experiment: the phenomena occur 
with much greater, indeed with truly remarkable rapidity, the transmutation from tough- 
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ness to brittleness being almost instantaneous; but the results, and their explanation, are the 
same as in Daniell’s experiment. 

The chemical change, then, does not prevent this inversion and development of erys- 
talline axis; on the contrary, if it induce the required condition of internal strain, it may 
produce the same crystalline arrangement that heating, or cooling, or local pressure can do. 
Nor will the general law, stated in the text, be disturbed by the circumstance of sudden 
expansion taking place in a cooling, and therefore contracting solid, at the instant that it 
assumes the solid form—as in bismuth, cast-iron, ice, &c.; for expansion here is but the 
same force as in contraction, changing all the signs; and, however the crystals may be 
formed in the first instance, they are subject to the subsequent modification in axial 
direction. 

Mineralogy and lithologic geology are full of examples of the play of these crystalline _ 
forces under the influence of pressures due to gravity, or to change of temperature; and 
some of its obscurest phenomena are yet destined to receive light from the application to 
them of the general law enunciated in the text. What geologist is there who has not 
observed, that the integrant crystals, forming the mass of quartz and other such veins in 
igneous rocks, are all arranged in lines perpendicular to the bounding planes of the original 
fissure—the lines of least pressure in the mass, as it was heated or cooled by the surrounding 
rock? Upon a greater scale, we find the metamorphic crystals of changed rock, adjacent 
to dykes of igneous rocks—as in the chalk penetrated by trap in Antrim,—stretching away 
from the walls of the dyke in lines perpendicular thereto ; and the arrangement of the trap, 
so far as it is truly crystalline at the surfaces of contact, obeying the same law. In Scot- 
land, coal converted naturally into coke, by intrusion of a trap-dyke, assumes the pseudo- 
crystalline structure known of it, in planes of fracture perpendicular to the bounding planes. 

Perhaps even the yet unsolved mystery of the structure of columnar basalt may find 
its key and solution,—not in this law, but by views which it shall suggest; as well as the 
molecular conditions, upon the physical action of which the lamination and cleavage of 
the slaty and other rocks of imperfectly homogeneous material has depended, the directions 
of the pressures concerned in which Mr. Sharp and Mr. Sorby have developed with so 
much ability. 

The distinction, however, is to be clearly observed between internal pressure inducing 
change of crystalline axes, in truly erystallizable solid masses, and pseudo-crystalline 
arrangement, such as cleavage, lamination, &c., produced by pressure external to the mass 
of an uncrystallizable solid, and the indispensable conditions for which seem to be hetero- 
geneity of composition of the mass, and peculiarity of form in its particles. In nature, these 
latter phenomena may be sometimes mixed up, more or less, with the former, where crys- 
tallizable substances are diffused in a mass of uncrystallizable matter. 

The navigator in high latitudes has long been familiar with the dreaded fact, that the 
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thawing iceberg, as it floats upon the ocean into warmer latitudes, often suddenly, and with- 
out apparent external cause, or by any that shall produce the slightest vibration, such as 
the firing of a gun—splits up, and parts asunder into enormous spiriform masses, whose 
bounding planes are generally nearly, or quite, perpendicular to the surface of the sea, and 
which fall, and, plunging with fearful commotion, stretch their lengths upon the bosom of 
the deep. The same law has acted here upon a still vaster scale: the whole berg, reduced 
nearly to its melting point, has previously received, by conduction from the ocean beneath, 
and from the air above, its heat in directions mainly vertical, and its splitting planes are so 
likewise; for the directions of greatest interval strains are, on the whole, horizontal. Its long 
fragments, if large enough, shall afterwards obey the same law, but in directions now at right 
angles to that in which it acted upon their parent berg. We may even imitate all these 
phenomena, upon a small scale, by heating a block of American ice slowly, by one of its 
flat surfaces, upon a heated plate of metal or of water; or we may observe them in play in 
the cross or vertical fractures of the thick ice of every pond, as it becomes rotten, and 
breaks up at the thaw. In the latter case, the vertical crystalline fracture is at the same 
time aided,and the phenomena are a little perplexed, by the frequent occurrence of numerous 
minute vertical columns of adjacent air-bubbles in the ice, like parallel chains of microscopic 
beads, which break the perfect homogeneity of the ice, and whose expansion, by the heat of 
the sun, may assist in splitting up the ice, as well as produce planes of weakness mechan1- 
eally within it. (10th May, 1856.) 


Nore F.—(Secr. 18.) 


Tue figure in Plate u., which indicates the direction of fracture, in the base of the 
cylinder, of the Britannia Bridge hydraulic press, is a little erroneous in direction (as I am 
informed by a friend who had opportunity of examining the original, which I had not). 
The fracture, striking outwards from the neighbourhood of the internal angle, made by 
the base with the sides of the cylinder, passed outwards (as in the figure), at first nearly at 
45° to the line of the sides, but gradually curved upwards, and cut through the outer surface 
of the cylinder, in some places, round the circumference, rather above, than through, the 
external salient angle, formed by the meeting of the exterior of the base with the sides; 
thus departing towards the outside more or less from the “ plane of weakness.” At first 
sight this appears to militate against the views of the text, as to the existence here of 
such a plane of weakness, as, wherever was the weakest plane, the fracture should have 
followed it quite through; but a more careful consideration of the question, than was 
given by me while engaged upon the text, will show that the facts, thus corrected, 
point the opposite way, and perfectly sustain the views advanced. The fracture was a 
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diagonal one, tending generally from the internal angle outwards; but if there were no 
plane of weakness here at all,—if the metal were of the same cohesion per square inch 
throughout all its parts,—the weakest place must have been that of least section of metal in 
the directions exposed to pressure; and as this is in a plane at right angles to the axis of 
the cylinder, the sides of the latter would in such case have been torn directly across some- 
where; the cross section of fracture then being less in total area, than in case of a fracture 
from the internal to the external angle at the cylinder's base, in the ratio of Ll: 2. 

The diagonal must therefore have been the weakest place—Wahy did it not break 
straight through it? The reason is obvious, when we come to consider the nature of the fluid 
forces to which it was exposed before fracture. 

The normal or radial pressures against the interior of the curved sides of the cylinder, 
and against the base at right angles to itself and to the former, commenced a rent at the in- 
terior angle,—a certain amount of fleaure, however small, being produced in the metals at 
both sides ofit. This flexure, however slight and instantaneous, had necessarily the same 
effect as if the fracture took place by rotation round consecutive points whose loci were 
in circles all round the outer edge of the progressive fracture; and as the greater motion was 
in the base which was projected off, so the fracture curved upwards, just as the fracture 
described in burst guns turns off to one side, very near the outer surface. 

The irregularity of broken surfaces, and of the line of rupture, with reference to a plane 
parallel to the base, was, no doubt, due to irregularities in the casting itself, or other 
accidental conditions. 


Nore G.—(Secr. 25.) 


Experiments, of the same character as those of Mr. Fairbairn, have been made in the 
United States, upon the largér scale of casting guns, at various periods, for several years back, 
some of which are detailed in a collection of Reports by officers of the American Ordnance, 
published this year (Triibner, London), and which has met my eye, for the first time, while 
these sheets are passing through the press (May, 1856). These experiments on the effects 
of remelting, or of prolonged continuance in fusion, are of the same inconclusive character; 
and the few deductions made are sometimes anomalous and inconsistent. It is impossible to 
avoid observing, that none of the experiments appear to have been devised with any preli- 
minary guiding theory, based on just or sufficient chemical and metallurgic knowledge. 

What, then, do such experiments on remelting of cast-iron amount to ? 

It has been well known for probably a century, that white cast-iron (No. 4 pig) has a 
far higher ultimate cohesion than any of the gray, mottled, or dark gray varieties (Nos. 1, 2, 
and 3, pig). It has been known, for nearly the same period, that the latter may be con- 
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verted more or less perfectly into the former, by repeated fusion in direct contact with fuel 
and blast; and it has been equally well known that either white or gray iron may be 
obtained at will, and by a first or single fusion, from the smelting furnace. 

For nearly thirty-five years, the nature of these changes has been fully understood, 
through the researches of Karsten, by whom it was proved that gray cast-iron (Nos. 1, 2, 3) 
contained carbon in two states, chemically combined and mechanically diffused, the latter 
as crystals or scales of graphite; and that white cast-iron (No. 4) contained carbon in but 
one, viz., wholly in combination with the iron,—the extreme case being that of the Spie- 
geleisen (Fig. 3, Plate v.), in immense, well-defined crystals, which contain above 5 per 
cent. of combined carbon,—somewhat less being found in Fig. 6, the more usual fracture 
of lamellar (No. 4, white pig-iron); becoming mixed with uncombined carbon, as graphite, 
in the mottled iron (Fig. 7); and having its largest proportion of diffused graphite in very 
dark gray (No. 1, pig), possessing fractures more or less resembling Fig. 5. 

Karsten proved, that any one of these varieties of cast-iron could be converted by suit- 
able metallurgic treatment into any other, and that, as respects the conversion of gray cast- 
iron into white, the process was, to a greater or less extent, the inevitable result of every time 
the gray metal was melted and cooled,—that it was dependent simply on two conditions :— 

1°. The deprivation of graphite in the furnace, due to the proportion that should be 
given to air-blast and fuel. 

2°. To the fact that in the act of consolidation a certain proportion of the whole 
of the suspended graphite was exuded, i. e. forced out to the surface of the 
cooling mass, by the crystallization of the whiter portions, whose carbon is 
combined. 

Now, it follows as matter of course from these well-known facts, that, as perfectly white 
cast-iron has at once the highest cohesion and the greatest brittleness, while properties the 
reverse belong to the darkest gray graphitic cast-iron,—some mixture of the two qualities 
(not of the two trons) must give the best material for gun-founding, or for any other mecha- 
nical purpose, in which the highest product of tenacity and toughness is demanded. And 
in this consists the value of “ mottled iron” (Fig. 7, Plate v.) for cannon. 

It also is obvious, that a more or less perfect approach to such a mixture may be made 
by repeated melting and cooling, up to a certain point, of any gray iron; but the number of 
meltings and coolings necessary to effect this will differ, not only with the original gray 
iron tried, but with the conditions of the cupola furnace in every consecutive melting, 
and with the conditions of cooling at every casting, so that probably no two series of expe- 
riments could be possibly made, that should give co-ordinate results, or that would be appli- 
cable to any other make of iron, or to any other cupola, fuel, and blast. Moreover, the quan- 
tity of graphite eliminated at each cooling is greater, in some proportion, as the cooling is 
more rapid. The trial, therefore, that shall give the number of meltings producing the 
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best result for castings of one dimension cannot be true or applicable to castings of any 
greater or less scantling. ; 

- Thus, if, as Mr. Fairbairn concludes, the thirteenth melting gives the best metal, for trial 
bars cast one inch square, with the original ‘“‘ make” of pig-iron, and mode of melting and 
casting, he employed,—it does not follow that for bars of two inches square it would be so; or 
that, with the one-inch bars, but a different original ‘‘ make” of pig-iron, or a different cupola, 
it would be so; or even with the same pig-iron and conditions of melting, but a different 
mode of mouldimg and casting the same one-inch square bars, the result should be alike. If, 
with the very same pig-iron, cupola, and fuel, the meltings be performed with a surcharge 
of metal and flux in proportion to fuel, and an excess of blast, the one-inch square bars, when 
east, would have been found to have arrived at their assumed best quality, perhaps, at the 
fourth, in place of the thirteenth, melting. Ifthe bars themselves had been cast in “ chills,” 
in place of sand-moulds, so as to have been cooled as fast as possible, the point would have 
been still sooner reached, and, if cast in “dry sand-moulds,” or ‘‘in loam,” would have been 
later reached. 

Upon sample bars so small as one inch square, even a little more or less wetting of the sand of 
the greensand-mould, on the part of the moulder, would have made the most formidable dif- 
ference as to the rate of progress towards white iron. Finally, if, instead of bars of an inch 
square, the experiments had been made upon a sufficient scale to admit of casting bars of a 
foot square, these, when broken after the thirteenth melting, in place of presenting the same 
assumed improvement, would in the interior have presented very little change in fracture 
from the original pig-iron (unless, indeed, peculiar care had been taken to so work the 
cupola as to burn out in it the graphites—a thing most difficult to accomplish at all upon 
a large scale, and not in question here); and in place of the thirteenth melting being the 
charmed one, it might not be reached at the 13 x 13th melting. 

The conclusion drawn by Mr. Fairbairn is, therefore, too large, is not warranted by a 
just interpretation of the premises, and might lead to serious mistakes in practice; for, 
as has been shown in the text, this same best quality of iron, this same combination of 
strength and toughness, can be obtained direct from the ore in the blast furnace, and either run 
into pigs, or, far better, cast into guns or other large objects requiring it, at once, and without 
any intermediate cooling. The whole roundabout process of repeated melting is, therefore, 
perfectly needless—but, further, it is positively hurtful; for, every time cast-iron is melted 
in contact with fuel and flux, it takes up a fresh additional dose of the metallic bases of the 
alkalies and earths; and it is to the alloy of these, especially of the latter, that a more fatal 
reduction of strength and toughness is due, than to any other foreign mixture with which 
cast-iron is known to combine—so that, by this notion of repeated meltings, we spoil the 
pig-iron in trying to effect, by an indirect process, what, with better knowledge, should be 
the direct result of the primary and single operation of the smelting furnace. 
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The American experiments, upon the possible improving effects of keeping the metal 
for a longer or a shorter time in fusion in the furnace, although too few and inconclusive 
as to condition, to infer much from in any way, are only an analogouscase. The longer the 
metal remains in the furnace, exposed to contact, at a high temperature, with many foreign 
materials (the fuel, the flux, and the furnace itself), all highly heated, the greater will be 
the dose of alkaline and earthy metals it will have taken up by cementation, and become 
alloyed with—although possibly, at the same time, a certain amount of approach towards 
mottled iron may have occurred; and hence, in that respect, some improvement. But, that 
the general effect is one of deterioration, is well known to practical gun-founders, wherever 
the guns are run directly from the blast furnace, who are well aware, by long experience, that 
the metal tapped from very near, but not quite at, the top of the fluid mass in the furnace, 
and which they call “the cream” (Rahm), produces the best gun castings. Novw, this is 
just the portion of metal, of the whole that the furnace contains, that has been the least ex- 
posed to the deteriorating influence, of continuing in fusion, and is almost that which has 
been the shortest time melted. 


Nore H.—(Szcr. 29.) 


Zrnc, as found purest in commerce, and cast in the ordinary way, is malleable and laminable, 
within a range of temperature of about from 200° to 350° Fahr. If this range be extended 
by the change in molecular arrangement due to the circumstances alluded to in the text, 
analogy would induce the expectation, that the range of extensibility to tensile and com- 
pressive forces, in cast-iron, would be likewise extended by similar treatment, viz., by 
‘‘ pouring” at the lowest possible temperature. 


Norte H, bis.—(Secr. 59.) 


Ir is worthy of remark, that in the case of the burst Cavalli gun at Woolwich (Proof 
Department) which was cast at Aker in Sweden, the fracture presents a coarse, granitic, 
and soft aspect, indicative of a weak quality of metal, little better than that of the split 
Baltic mortars. It is obvious, therefore, that neither ‘cold blast,” nor the absence of coal 
fuel, will alone insure proper metal for guns. 

The conditions of physical structure in cast-iron, developed in the fourth and fifth 
chapters, derive an unconscious confirmation from a remark made, with much accuracy 
of observation, by Mr. Edwin Clarke (“ Description of Britannia Bridge,” vol. i. p. 380), in 
which he states that the central crystals, in a large mass of cast-iron, are larger than those 
nearer the surface, which he, however, attributes to a not very clearly made-out effect of the 
prior consolidation of the exterior of the casting. In alluding, further on, to Lieut., now 
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Major James's, R.E., experiments on this subject, he briefly quotes his important result, 
also confirmatory of the views of the text,—that equal sections, cut from the interior of 
large castings, are weaker than from portions nearer the surface (vol. i. p. 443). 

The true reason that the central parts of the mass present the largest crystals, is 
because, having been the longest hot, these crystals had most time given them for large and 
perfect development, and the centre is the weakest part of the bar, not only because these 
parts are rendered porous and of low specific gravity, by the drawing asunder produced 
by the prior consolidation of the external crust, but also because the force of cohesion be- 
tween the planes of cleavage of the largest developed crystals is the final measure of the 
streneth of this, the weakest, as they are of gery other part, in proportion to their deve- 
lopment. 


Nore I.—(Sercrs. 43 to 50.) 


Srvce the text has been written, a number of 13-inch sea-service mortars have been brought 
home disabled from the Baltic, having failed on board the mortar boats, during the bom- - 
bardment of Sweaborg, after a greater or less number of rounds, in a very remarkable 
way,—the conditions of which do not appear as yet to be accounted for by the Depart- - 
ments at Woolwich. (March, 1856.) 

Iexamined these mortars (15th Dec., 1855) in the Arsenal, with much care and in- 
terest, and advert to them here, as affording the most convincing proofs of the truth of 
the views I had advanced as to the causes affecting the bursting of ordnance; and I am ena- 
bled, by the application of my views to the case, to explain completely the conditions and 
circumstances that have produced the particular form of failure exhibited by these Baltic 
mortars. 

Of the whole number of mortars, three have burst, or, to speak more correctly, split,— 
the remainder still appear to hold together,—but the strong probability is, that there is not 
a serviceable or trustworthy mortar remaining amongst them. 


List of 13-Inch Sea Mortars, and Names of Mortar Boats, with Number of Rounds fired, 
and result. 


No. of 


Rounds. Cast at 
PicklG-CeNe rs Nealieeact ce 114 Low Moor. Split. 
Growler oy. 5s 355 Carron. - 


Masti 8. tk. 148 Carron. rr | 
| 


} 
| 


Each of these three mortars was split with almost perfect exactness into equal halves, by 
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a plane passing through the axis, and through the centre of the vent. There were no signs 
of unsoundness in the metal at any point, nor any defect or sign of injury, other than the 
splitting up, save that at the centre of the bottom of each chamber, a small, irregular cavity 
was formed, with jagged sides and bottom, as though slowly burrowed into by some cor- 
roding agent. 

The fractured surfaces, where rusty, presented an uniform, very coarse-grained character 
of metal; and where the latter was freshly exposed by a large fragment recently cut out, 
close to the interior at the muzzle of each split mortar, it proved to be a mixed metal of the 
very coarsest grain, consisting of nearly white cast-iron, filled with large grains of very 
dark gray and highly graphitic iron, greatly wanting in homogeneity (fonte fortement 
truitée), a material ill suited to ordnance of | sort. Its general appearance was somewhat 
that of Fig. 5, Plate v., but much coarser. 

The following mortars remained together, but in what condition I was unable to judge. 


| ape | Cast at | 
| 
FRR V OCI Vomrenvalcanialast os 94 Carron. | 
TROCKCEy oni ahs chncy ts 241 Low Moor. | 
BEACON) ates atte eee 176 Carron. | 
Sth kee EG ou 131 Me | 
Grappler, . 2... . 311 Ef | 
Paroise, © ai sis ae vers 213 Fr | 
TSEXOMDine: (eae 184 | Low Moor. | 
| Dirakestways ils 6 129 if 
Mania vere. olen ious 277 Carron. | 
IBIAMET) ay oaadod caps 4 | 287 9 | 


These mortars have split, I apprehend, from the conjoint effect of three separate 
causes :— 
1°. The metal is of bad quality,—coarse, heterogeneous, and, most probably, of low 
specific gravity and small elastic range. 
2°. A certain amount of that condensation of the material at the interior of the bore, 
which takes place at every discharge, in every piece of ordnance, and gradu- 
ally disables it, has, probably, taken place here; but— 
3°. The mortars very rapidly fired in a cold climate, have had their interiors power- 
fully heated, and expanded thereby, while their exteriors have been kept 
almost cold, by the heat carried off by “‘evection” of the surrounding currents 
of air, in the way described in the text (chaps. 9-17). The large diameter and 
great thickness of these mortars (one caliber) has exaggerated this effect, and 
the splitting has taken place in a plane passing through the vent, because 
the splitting tension of the unequally expanded interior and exterior will be 
greatest, where the difference in temperature between the interior and exterior 
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at any point round the circumference is greatest ; but this, in a mortar 
inclined about 45°, will be at the lines cut by a vertical plane passing through 
the axis,—because the whole interior may be assumed heated equally all round; 
but, of the exterior circumference, the lower side, that opposite the vent, is 
most cooled, because against this side of the warmed mortar the ascending 
currents of air impinge, and most completely evect the heat from it ;—while 
at the opposite, or top side, the heat is least evected: the splitting tension is 
greatest, therefore, in the plane through which these three mortars have been 
split. Besides this, on the principles of molecular aggregation of castings, 
previously explained, the mass gf the trunnions at either side produces a plane 
of relative weakness towards the®™base of the mortar, just where fracture has 
occurred; and lastly, the section through the vent is the weakest of any 
one passing through the axis, that the mortar presents, because the least total 
section of metal. 

The excavating that has taken place at the bottom of the chambers is easily ac- 
counted for. The metal—coarse, uneven, and open-grained throughout—was at this point, 
from causes pointed out (sect. 45 of text), a spongy mass of scarcely coherent crystals, 
with scales of uncombined graphite mixed with them and interposed; the latter in 
the first instance, and the plumose crystals of cast-iron (iron and combined carbon) after- 
wards, exposed to the intense heat and flame of the ignited powder, are themselves set on 
fire, and gradually deflagrated; and so, bit by bit, the irregular little cavern was burned out, 
just where the central “ soft spot” in the casting existed. It is a case precisely analogous 
to the enlargement of vent and of chase near the seat of the shot, so commonly observed in 
guns. 

The remedy for all these evils is not difficult, and was, in fact, pointed out by me in a 
communication as to a new form of mortar, made to Government early in 1855, but put 


aside on grounds that only proved that it had been set aside unconsidered, or the want of 


information, on the part of the examining authorities, to enable them to judge such ques- 
tions, which demand, not “artillery practice,” but a clear and accurate knowledge of many, 
and some not very obvious, physical and mechanical truths, and the power practically to 
apply them. Irecommended that mortars should be increased in length of chase ; the thick- 
ness of metal reduced; made perfectly uniform all round, and proportioned to the internal 
pressure at every point,—i. e. tapering to the muzzle; to abandon all trunnions (as weak- 
ening the piece); and to receive the recoil directly from a flat breech, by an elastic, and 
simple but peculiar bed; and to cast all mortars hollow, on well-formed “ cores,” without 
subsequently boring them out at all,—thus not only saving greatly in first cost, but avoid- 
ing, as respects the molecular arrangement of the material, all the evils resulting from the 
existing cumbrous and absurd forms, so that the form recommended would have approached, 


involved in the Construction of Artillery. 365 


but been better than that of, the French howitzer, or mortar, taken at Cadiz, and now in 
St. James’s Park,—an instrument well designed, by obviously competent men, and which, 
though made under difficulties, and of inferior material, answered its intended object. 

It would have been of much interest and value, to have been able to corroborate the 
truth of the views I have here advanced, as to the causes of the failure of these Baltic 
mortars, by a few experiments on their metal. With this view I applied for a portion of 
each split one (a pair of bars, together not more than 5 Ibs. or 6 lbs. weight), and stated 
my views and object; but was refused by the Ordnance Select Committee, at Woolwich, 
on the ground that they wanted the mortars (fifteen tons weight of metal!) for their own 
experiments. A second application, receivegfor answer, that after the Committee should 
have reported on its own experiments, it would consider my application ! 

Months have since elapsed, but I have never heard further as to my application; I 
have learned, however, that experiments, similar to those which I indicated, and requested 
the means of making, have been since performed. 

In concluding this Note I may mention, that an officer stationed in the Baltic informed 
me, that these mortars were fired for some time, as fast as they could be loaded,—perhaps 
at the rate of twelve shells per hour, or more. Possibly the success of the bombardment 
demanded great rapidity of fire: but the French mortar-boats, having two mortars on 
board, which can be fired alternately, possess an advantage over ours with but one. 

A heated mortar will be most safely and readily cooled by filling it up to the brim 
with cold water, as rapidly poured in as possible. The water may be easily taken out 
with a gutta-percha syphon, and the interior dried with a swab. 

The method and mixture of cast-iron, described in sect. 59, is that still actually in use 
in foundries employed casting ordnance by contract for Government, and is just the mate- 
rial of which the Baltic mortars consisted; the grain of the metal of those split was as 
coarse as granite. 

One of these was cast at Carron, perhaps more than forty years ago; so the malpractice 
is an old one, and its evil results have nothing to do with “ hot-blast.” 


Imagined Causes of Inferiority and Superiority in various Cast-Irons. 


It is stated in the ‘‘ Report of the Commission of Inquiry,” p. 17, as to the manufac- 
ture of ordnance on the Continent, which has appeared while those sheets have been 
passing through the press, on the authority of Schiir and Mitscherlich, that in Swedish iron 
works, pyrites (sulphuret of iron) is thrown into the furnace, with the other constituents of 
the charge, to produce the fine, gray, mottled iron required for gun-founding; and it is 
added, that the effect may be analogous to that of the oxidizing flame in a reverberatory 
furnace,—some doubt being at the same time expressed as to the accuracy of the reported 
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fact. The fact itself has long been known in the iron works of northern Europe, that 
pytites, in the blast furnace, will produce white iron, or an approach to it; and, pos- 
sibly, it has been occasionally resorted to with the intention of producing this end. The 
rationale of the process, however, is not that suggested by the reporters, but has been 
fully developed by Janoyer, “Ann. des Mines.,” 4 ser. t. xx. p. 359, and elsewhere, who 
has shown that sulphur and carbon mutually eliminate each other, by combining in the 
blast furnace, and becoming volatilized, as sulphuret of carbon. But, although this be 
chemically true, and a fortunate condition in always aiding in the expulsion of sulphur 
from crude iron, no prudent iron-master would dream of voluntarily resorting to such a 
method of obtaining mottled iron as this, ing§much as no care or skill in the working of 
the blast furnace could insure, for an hour together, the production of pig-iron, that should 
not contain an excess of sulphur. The method, too (as is obvious from the text) is as 
needless as it would be perilous to the quality of the product. 

Sulphur, in the state of sulphates, or other saline combinations, cannot but be intro- 
duced into the blast furnace, whether we use our own raw coal, washed coal as in Belgium, 
by which a material reduction of impurity is obtained, coke, anthracite, or even wood, 
in whose ashes sulphur is not absent, any more than in the majority of the limestones used 
as flux. Berthier and others have clearly shown, that the amount of sulphur finally 
included in the yield of iron, is not in proportion to the sulphur contained in the fuel or 
flux, but depends upon a multitude of conditions in the working of the furnace, and chiefly 
upon the proportion of lime in the flux, and on the temperature of the furnace; but, that 
a sensible improvement in the quality of the pig-iron has been obtained in Belgium, by 
washing the coal, so as to oxidize the contained pyrites into copperas (sulphates), and thus 
remove it in solution, appears certain; and the marked differences noticed between irons, 
made with coal which contained sulphur in the proportions of 0-28 per cent. and of 0-64 
per cent., in favour of the former (Janoyer), indicate that the washing process, extended to 
coke, and given sufficient time, would, in Great Britain, be attended with the best effects 
as respects the production of iron for gun-founding. Coal fuel is much deteriorated in 
heating and “ bearing” power by washing; but not so coke, which may be exposed to air 
and water (if frost do not supervene), for a length of time, without injury to it as fuel. 

A most important contribution to our knowledge of all that relates to the iron industry 
of Belgium and France, worthy of being better known in English, has been made by the 
‘« Reports upon the Condition and State of the Iron Manufactures of Belgium and of France,” 
by M. Heetor Rigaud, Eng. Civ. des Mines. (Ann. des Mines, 4 ser. t. vil. p. 371, &e.) 

It is by no means certain, however, to what extent, or if at all, the presence of minute 
proportions of sulphur reduces either the tenacity, or the toughness, of cast-iron of given 
quality in other respects; certain it is, that these depend more, nay, primarily, upon the 
proportion and molecular condition of the carbon it contains, and that the alloy of small 
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portions of the alkaline and earthy metals produce a greater deterioration in those qualities 
than any other foreign additions. The presence of these last is the peculiar characteristic 
of hot-blast iron, arising simply from the extreme elevation of temperature of the furnace. 

How little the proportion of sulphur depends alone upon fuel, &c., and how nearly it 
is alike, or may become so, with any fuel, may be seen from the following analyses of 
American cast and wrought-iron, made by M. Svanberg (‘‘Jour. fur Prac. Chem.” h. xl., 
p: 232) :— 


American Cast-Irons. 


a b c d e fi 
Carlo ye) sper eius! 28913 2:3909 | 38:0529 | 5:3617 | 64797 | 4:4064 
Siligum 1... . 0°8293 | 1:9042 | 1:3442 | 1:0948 | 1:9607 1:0350 
AlaminiumMy:s) 9. s'|) ste « Pe oid shie ts a tetas ies 6 0-0406 
Calciumss.) . ore 5 Sein oy teen ae aiats ions ofoee 0-0163 
Phosphorus, .. .| 0°1592 | 0°0272 | 071224 | 0°1806 | 1:4591 | 0-0017 
Sulptiors ict temet res 0:0052 | 0:0044 | 0°0028 | 00170} 0:0023 | 00600 
Goppen¥fos 40.0 Ben eyes |) c0;0100) 80-0285 || ances ||| 0-01b4: 
Imai aa Gey Go 9671150 | 95°6733 | 95°4676 | 93-3224 | 90°0985 | 94°3948 


a, From Juanita; 6, from Longmine, Orange County, New York State; c, Salisbury 
iron (that of which the Princeton gun is stated to have been forged), Connecticut; 
d, Missouri; e, Anthracite iron of Columbia, Denville County; /, Iron of the Le High 
Company :— 


American Wrought-Irons. 


a 6 ec d e 
Silicium, . 3 3: 0°3765 | 0°5323 | 0°0876 | 0:2870 | 0:3006 
Phosphorus, . . .}| 0°0942 00283 0-0235 0°0295 0°0773 
Sulphoryscyiw) is. %1 00042 0:0010 00055 00024 0:0020 
Copper; <8 mae 0°0168 AP oirents a 90 075544 
Tron, including Car- 
bon and loss, . .| 99°5083 | 99°4434 | 99-8833 | 99-6811 | 99-0657 


It is much to be regretted that these latter analyses give the carbon only by the loss. 
a, Is Juanita iron; 6, Longmine; ¢, Salisbury; d, Missouri; e, Nail-rods, or slit-bars. 
The relative strengths of several of these makes of iron are given in the Table, section 
210, text. 

In comparing these Tables of tenacity of American irons, and more especially the 
results given in the volume of “United States Ordnance Reports,” recently published by 
Triibner, London, with the admitted standards of tenacity of British irons, mainly due to 
the laborious, valuable, and almost life-long researches of Hodgkinson,—this must be 
distinctly borne in mind—that the American experiments are made chiefly upon mottled 
gtay iron, carefully prepared, as the toughest and most tenacious procurable by mizture or 
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by smelting, specially for gun-founding ; while all the experiments made on British irons, with 
a very few exceptions (see E. Clarke, “Brit. Bridge,” vol. i., p. 445), have been made 
upon specimens of unmixed commercial pig-iron, as found in the market, intended for the 
common purposes to which cast-iron is applied, and not having that peculiar balance, of 
hardness, tenacity, and toughness, indispensable for gun-metal, but unsuitable to the pur- 
poses for which our mercantile “makes” are intended, and incapable of being afforded 
at the price at which these are sold. It really would appear, however, from much that has 
latterly been written and spoken on the subject, and even by those whose authority and posi- 
tion would presume better knowledge of the subject, that these facts have been overlooked. 

As proving how completely the per-centage of sulphur, as well as of all other impurities, 
depends upon the working of the furnace, the followmg Analyses, by Dr. Schafheautl 
(“‘ Revue Scien.” t. xxv., p. 192, and t. vi., p. 209), are important, all made from iron pro- 
duced by the same furnace, and in continuous blast—that of Alais, Dep. du Gard, France, the 
specimens being taken at successive periods :— 


Per-centage of Foreign Constituents only. 
| 


Silicium,. . ... 1860 | 2°006 | 0°483 | 2-978 | 0-502 
| Aluminium,. . . .| 0°108 | 0:098 | 0-013 | 0-088 
{Carbone a! oles 5800 | 4-750 | 2°750 | 4269 | 1°428 
AYGtE, peace =n 0°874 | 0°585 | 1:036 | 0°639 | 07183 
Sulphur, foro oc 0°645 | 0-800 | 0°380 | 0°433 | 1:003 
INTER yao Bd 0050 | 2°560 | 4-080 | 3°840 | 0-934 


And as enabling a comparison to be made of the relative effects of cold and hot-blast in 
the same blast furnaces, and these, too, worked with wood fuel only, the following analyses 
of hot and cold-blast irons, made at Kénigshutte and Leerbach, in Hanover :— 


| 


KOnNIGSHUTTE. LEERBACH. 
Cold Hot Blast Cold | Hot Blast 
Blast. |200° Reau.| Blast. | 160° Reau. 
| 
| 
Graphite —c.7) (2 ot si wh 1:99 2-71 385 | 3:48 
Carbon combined, . . . .| 2:78 | 1-44 | 0-48 | 0-95 
Total Carbon, . .| 4:77 4°15 4:33 4:43 
SUE S56 Bog a od 0-71 3°21 0-79 1:91 
Aluminium, . eons) 
Caleram We ene pean pte 
Magnesium, ..... Traces of all of these in every case. 
Manganese,. .... . 
Solphiin osama lee eee 
Phosphorus; 9" "21s et 1:23 1:22 1:22 1°68 
Total foreign bodies, . .| 6.23 8:53 6°34 8-02 
Specific gravity, ..... 7-430 7166 7-081 7:077 


ol 
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The furnace of Kénigshutte is fed with beech; that of Leerbach with fir fuel. 

The analyses are by Bodemann (‘ Pogg. Anal.” t. lv., p. 485). Sulphur was present 
in every instance; and had the amount of the earthy and alkaline metals admitted of esti- 
mation, they would have shown, doubtless, some preponderance in the case of hot-blast 
with wood as with coal fuel, from the higher temperature of the furnace. 

The molecular condition of the carbon in the pig-iron—the proportion in which it is 
developed as graphite, and in which it is in combination chemically with the iron—seem 
also much dependent upon temperature, as well as the magnitude of the individual crystal- 
line scales of graphite, upon which, more than upon any other condition, the tenacity of 
cast-iron appears to depend; it being obvious that in mixed trons, constituted like the coarse 
masses of which some of the Baltic mortars, referred to in a previous Note, consisted, 
the strength of any given section is limited to the strength of that portion of the whole reticula- 
tion which is solid iron, since the nests of crystalline graphite are almost devoid of cohesive 
resistance, and may be absolutely deducted, quoad ultimate tensile strength. 

Upon this part of the subject the following authors or papers may be consulted with 
advantage :—Karsten (“ Ann, der Chem. und Pharm.,” Ix., p. 280), on the ‘‘ Constitution of 
the Spiegeleisen,” in which the whole of the carbon is in combination, and which contains 
from 4-28 up to the enormous proportion of 5-723 per cent. of carbon; its colour bright and 
silvery, with intense hardness, and breaking into huge, fully developed rhomboidal crys- 
tals, often two or three inches long, as figured in Plate v., Fig. 3, text. 

Berzelius “On the Allotropic Modifications of the Simple Bodies.” (‘“ Jahresbericht,” 
1844, p. 18.) 

Sandberger “ On Carbon developed in large hexagonal Tables in the Slags of the Iron 
Work of Dillenberg, Nassau.” (Liebig & Kopp, “Jahresbericht,” 1851, p. 151.) 

Schafheautl, various papers in “ Phil, Maga.,” London; and ‘*‘ Pogg. Ann.” on same 
subject. 

Laurent, “‘ Ann. de Chim.,” t.lxv., p. 417. 

Le Play, “Mem. on the Manufacture of Steel,” “ Ann. des Mines,” tt. ii. & ix. 4ie ser. 

Engelhardt, “ On Tubercular Masses of Carbon, formed (apparently from a volatile 
state) within the Masonry of the Blast Furnace of Niederbronn, Lower Rhine.” (‘ Ann. 
des Mines,” 4 ser., t.iv., p. 429.) 


Prate V. (next page) is inserted out of its proper place, not having been received from 
the lithographer in time, in consequence of unavoidable delays in procuring the speci- 
mens and taking photographs of them, from both of which the very faithful figures of the 
Plate have been prepared. 
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The Plate illustrates the principal states of molecular condition, in which cast-iron and 
wrought-iron respectively are found; as in every mineral substance, nothing but actual 
observation of specimens can give complete or accurate knowledge of either the aspect or 
properties of iron. To those less practically conversant with the subject, these figures will, 
however, afford the means of understanding more fully the text, and give a clue to the 
identification of the several molecular conditions of iron when actually met with. 

The figures bear reference to the subjects discussed in Chaps. 3, 4, 5, 6, 7, 22, 23, 24, 
25, and 26 of the text, and in this and other Notes. 

Figs. 3, 4, 5, 6, and 7, relate to cast-iron. Figs.1 and 2, to wrought or malleable iron. 
They are all drawn to one-half (linear) the natural size. 

Fig. 3 represents a fragment broken off from a refinery pig, of Styrian cast-iron (Spie- 
geleisen), the top of the figure being the upper side of the flat slab, of about 4 in. thick, 
18 in. wide, and some feet in length, when cast; and the lower side of the figure, the 
bottom of the pig, which is usually cast in iron or “chill” moulds, and cooled also by 
affusion of water, when intended for conversion into wrought-iron afterwards; hence called 
* Refinery Pig.” 

This may be considered as the normal type of cast-iron—consisting of iron with fre- 
quently above 5 per cent. of carbon, the whole of which is in chemical combination 
with the iron, which hence contains no graphite. The mass is, therefore, perfectly 
homogeneous in constitution; is of a bright silvery-white colour; the fracture proves it 
highly crystalline, the crystals being very large and perfectly defined, often some inches 
long, cleaving with perfect faces and angles, and the hardness so great that a cast-steel file 
with difficulty abrades the mass. 

It will be remarked, that the principal axes of the crystals are all approximately per- 
pendicular to the top and bottom of the slab, i.e. to its cooling surfaces, in accordance with 
the general law. All “ chilled” cast-iron approaches more or less to this normal type. 

Fig. 6 is a pig of Acadian or Nova Scotia cast-iron, presenting the usual characteristics 
of that form of pig-iron known in Great Britain as No. 4 pig. Itis closely allied in chemical 
constitution to the preceding, but usually contains more or less uncombined carbon, in the 
state of minutely diffused graphite, not visible to the naked eye, but communicating a 
slight dulness or grayish shade to its otherwise silvery lustre. Although the fracture 
drawn here is nearly square, the general form of the pig was irregularly roundish, or 
cylindric, with one flattish side—hence the principal axes of the crystals radiate from a 
central point, in accordance with the general law. The crystalline structure of No. 4 pig 
is never very perfectly developed; it is usually more or less lamellar in fracture, some- 
times almost perfectly uniform or glassy in fracture, and, except for refining into bar-iron, 
or mixing with more graphitic cast-irons, is useless to the founder, being brittle and 
intensely hard when cold, requiring the highest temperature of all cast-iron for fusion, and 
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remaining at temperatures, however elevated, pasty and viscid. It contains less total carbon 
than the preceding, and is, in fact, an approach to imperfectly developed wrought-iron. 

Fig. 5, a portion of a large pig of No. 1 Scottish cast-iron; soft, very dark gray in 
colour, very fusible, containing a very large proportion of uncombined carbon in the state 
of suspended graphite, diffused in scaly or micaceous crystals throughout the mass, upon 
which it confers its peculiar form of large, pretty uniform, but irregular and ill-developed 
crystallization, with its dark gray metallic lustre relieved here and there by light reflected 
from the flat faces of spangle-like crystals, some of which often can be separated, and blown 
away from the surface. This is the other extreme end of the series of cast-irons; the most 
fusible and liquid when melted—the least rigid and tenacious, and the softest when cold. 

Cast-irons, produced directly in the blast furnace, with properties intermediate between 
Fig. 6 and Fig. 5, and passing by insensible degrees from one to the other, or produced 
by mixture in fusion of the two, constitute the vast mass of the castings of commerce for 
all purposes, and the pig-irons known as Nos. 2 and 3; and of these mixtures, cannon, &c., 
are frequently cast. But— 

Fig. 7 represents a portion of the fractured surface of a mass of “ finely mottled cast- 
iron,” of the proper texture and quality for casting ordnance, as obtained directly from 
the smelting or blast furnace, and at once run into guns. If run into pigs, and again 
melted for guns, it approaches in the process either towards No. 6 or No. 5. 

This mottled iron may be imitated by mixing Nos. 6 and 5, with more or less success, 
in proportion to the skill and tentative knowledge of the founder, and the qualities of the 
pig-irons employed; but the physical properties of the cast-iron so produced are totally diffe- 
vent from those of mottled iron prepared in the smelting process, by which, alone, fineness of 
mottle can be insured. ‘The jineness suited to guns is shown in the figure, to natural size. 

Fig. 4 represents the form of development of crystals in octohedrons, frequently found 
lining the walls of “ draws,” or other internal cavities in castings of iron. That figured was 
in fine mottled iron. The subject is referred to in Chaps. 5 and 6 of text. 

Figs. 1 and 2 represent the two normal extremes of molecular structure of wrought- 
iron of good quality. 

Fig. 2 is a fragment fractured from a large mass of forged or steam-hammered iron: it 
consists of large crystals; some, in the specimen drawn, as large in surface as a fourpenny 
piece, with distinct cleavage in planes, generally perpendicular to the cooling surfaces or 
contour of the mass, and, therefore, generally parallel to planes of fracture. 

Fig. 1 is a portion of a round bar, of 2 inches diameter, rolled out of iron identically 
the same in quality with Fig. 2, the bar being “ nicked” on one side, and then broken and 
bent back by blows to the form figured. Its structure consists of perfectly uniform, 
straight fibre, or crystals, all parallel to the axis of the cylindric bar. This is the other 
normal extreme. 


372 Mr. Matter on the Physical Conditions 


No. 2 can be transmuted to the structure of No. 1 by rolling simply, without any other 
change, and vice versd, No. 1 may be transformed to the crystalline and comparatively 
brittle and uneven structure of No. 2, by welding and forging together the most tough and 
perfectly fibrous bars, provided the mass be large. See Chaps. 22 to 26 of text. 


Nore K.—(Secr. 89.) 


Tuts may be put under another form:—If the tension due to the integral or sum of all the 
partial strains of the exterior of the gun exposed to tension by the variable strain of the 
expanded interior = (3; 27 =the length, & being the radius corresponding to (3, and 


/= the extension sustained between ¢ and ¢’, then T= IR and if be the coefficient of 
Tv 
rupture due to the material. Rupture will occur when 


l 
Bo = Be x 
or, to prevent it, § must exceed 
l 
°" rR 


A consideration of these conditions, along with those developed in the latter chapters of 
the text, will indicate the inutility of construction of guns or mortars of cast-iron of conside- 
rable thickness, and reinforced with a single ply of heavy wrought-iron hoops, shrunk-on 
hot, or driven on upon a conic exterior, as originally proposed by M. Thierry, Cap. d’Artil. 
(‘‘ Applic. du Fer au Construe. d'Artillerie,” tom. 1., p. 153, Paris, 1834), and since attempted 
in various forms in England, one of the latest being a proposition to strengthen (?) the 
13-inch sea-mortar, of one caliber thick, by one ply of about 3 inches thick of such wrought- 
iron hoops outside. In all such cases, from the great thickness and rigidity of the interior 
cylinder of cast-iron, the latter is strained to its utmost limits and split, before any effectual 
support can be derived from the exterior hoops. They are, therefore, useless in any case, 
except when, as in the construction proposed in the text, the mutual relations of the interior 
and exterior of the compound gun, are such as to equalize and make perfectly isochronous 
the strain upon both. It must be distinctly understood, however, that the constructive 
references and figures in the text of the subsequent chapter, headed, ‘‘ Proper Construction of 
Wrought-Iron Guns of the largest class,” are not to be viewed as more than indications of 
the principles of design proposed, and not as conveying detailed instructions as to the prac- 
tical methods of carrying such out, for which special designs and specifications, fitted to the 
particular case, would be demanded. I state this, to avoid the possibility of a cavil being 
raised on any point of practical detail of structure, where none are meant to be given. 
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Mr. James C. Maxwell, in a very able paper, in “‘ Trans. Roy. Soc., Edinb.,” vol. xx., 
pt. 1., p. 87, &e., “ On the Equilibrium of Elastic Solids,” has investigated, in his third and 
ninth cases, problems which are closely related to those here in question in the text. Unfor- 
tunately, his calculations all assume the elasticity of the body perfect—a condition which the 
researches of Professor Hodgkinson have shown to be far from practically applicable to any 
of our known materials of construction. See also K. Clarke’s “ Brit. Bridge,” vol. i., p. 451, 
as to the effects of previous strains beyond the elastic limit, on subsequent ones within 
the same, and transversely applied. 

As respects the distribution of heat in the mass of solids, in relation to its unequal dif- 
fusion in heated guns, see Duhamel, ‘Sur les Equations generales de la Propagation de 
la Chaleur dans les Corps” (Jour. de l’Ecole Politech., t. xiii., p.357) ; and Poisson, ‘‘ Memoire 
sur la Distribution de la Chaleur dans les Corps Solides,” Idem, t. xii., p. 144, and second 
Mem., p. 249. 


Norse L.—(Secr. 133.) See Note C. 


Notre M.—(Szcr. 141.) 


See Note O. ‘I'he Reports of M. F. le Play, Eng. des Mines (in “Ann. des Mines,” 
4me ser., t. ili. p. 503, and t. ix. p. 113) comprise one of the most complete accounts of 
the steel manufacture in England, and abroad, that has been produced. See also list of 
German authors at conclusion. 

Steel made by the direct or puddling process, has long been a branch of industry in 
many parts of Germany, where it is applied with great economy, to a number of objects, for 
which we content ourselves with cast-iron or other material. It is afforded at prices from 
one-half to one-third that of our English cast-steel. 

At the Exhibition of 1851, amongst the products of the Zollverein, was puddled steel 
from the works of Messrs. Lehrkind and Co., of Haspe, near Hagen, of very good quality, 
at £22 per ton, at the Works. For fine-cutting tools, or other purposes demanding a keen 
and persistent edge, however, it is immeasurably inferior to English cast-steel, produced by 
cementation. 


Nore N.—(Secr. 149.) See Note 8. 
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Nore O.—(Szcr. 181.) 


Ir appears that cast-iron field-guns have been in use in the Swedish and Danish services 
since 1831, the first trials dating back to 1804; and that now, after several years’ expe- 
rience, they are preferred to bronze guns by the Artillery of both countries. See Jacobi, 
« Sur l’Etat actuel de l’Artillerie Swedoise,” 1849. Cast-iron field-guns have been tried 
in Sweden as far back as 1805; and in 1848 their horse artillery was armed with such 
euns. Some Swedish and Danish cast-iron field-guns were placed in the Exhibition of 
1851, amongst which were—A Swedish 6-pounder, 5 ft. 5-75 ins. long; 3°828 ins. caliber; 
charge, 2 lbs. 7 0z.; weight of gun, 803lbs. The British bronze gun of same class weighs 
672 lbs. A Danish 6-pounder, 5 ft. 3:5 ins. long; weight, 874 lbs. 

In the United States, cast-iron 6-pounder field-guns have been employed at least since 
1844. They are from the established models of bronze guns of equal caliber, but in- 
creased in thickness at the breech part, without corresponding increase of weight, by a 
certain reduction of thickness towards the muzzle. The successful use of these cast-iron 
Jield-guns would appear to dispose of many of the objections that have been groundlessly 
urged (even by some of the local artillery authorities in the United States), and by others, 
against the advantageous application of wrought-iron to the same purpose; for very many 
of the objections, for example that of corrosion, apply equally to both, or with greater force 
to the former. 


Nore P.—(Szcr. 190.) 


A very remarkable instance of the internal tensional strains produced in cast-steel, in the 
process of hardening or tempering, has, since the text was written, met my eye in the 
pages of the ‘‘ Franklin Journal,” vol. viii, p. 133, in which a tolerably large cylindrical 
pivot for a shaft, with a hole through it too, in the axis of the cylinder, burst or split into 
two or more pieces, some time after having been hardened, with a noise nearly equal to 
that of a pistol-shot, and throwing the fragments several feet. The external edges of the 
fractures presented an arrangement of minute crystals penetrating its substance perpendi- 
cular to its external contour (like those of chilled cast-iron); thus proving that in steel, 
also,—although, from the minuteness of the crystals, much less marked, and generally 
scarce distinguishable,—the aggregation of its particles follows the general law announced 
in the text. 

The steel guns, made and tried, by the Hanoverian and other German Governments, 
were all of small caliber, and their proportions much about the same as those of bronze 
guns; indeed, a 12-pounder, repeatedly proved at Woolwich, a year or two since, with 
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enormous charges, and without injury save the loss of a trunnion struck off in recoil, 
appeared to have a good deal a greater thickness than usual in bronze guns: it was very 
short. On the principles announced in the text then, these guns, possessed of an enormous 
surplus strength, are safe enough; but upon guns so proportioned no argument whatever 
can rest as to the generally advantageous character of steel guns. 

A very different result awaited a much larger gun, of cast-steel, made and proved last 
year at Woolwich. The magnificent forging for it—which, from observation, I can state to 
have been of steel of extremely fine quality—was supplied by Mr. Krupp, of Essen. It 
was about 103 feet long, and as much as 17 inches diameter at the larger end. The boring 
and turning were effected, and the construction of the gun,—of which a longitudinal 
section is given below,—was under the direction of some of the authorities at Woolwich. 


The steel forging—originally intended, it would appear, for a 32-pounder—was bored 
out to an 8-inch gun, and, when completed, the diameter round the powder chamber was 
about 16 inches, leaving the thickness here not more than 4 inches or 4} inches, or about 
half a caliber. 

The finished steel gun only weighed about 23 tons; and, to carry out the established 
system of absorbing recoil by mere crude weight, a cast-iron jacket, or ‘‘ chemise,” was 
made to slip over it, of no less than 7 tons weight. This was bored at the bottom to fit 
the steel gun, which was here secured to the chemise, by the wrought-iron breech-ring 
screw, passing through the chemise, and being tapped into the steel. The steel gun, except 
here, had a free space of about an inch all round between it and the chemise; but, at the 
mouth of the latter, the gun was supported and kept central by a wrought-iron circular 
ring flange, bolted to the mouth end or face of the chemise. 

The gun itself, therefore, derived no support, or reinforce, whatever, from this un- 
wieldy mass of cast-iron round it, and on to which the trunnions were cast. 

The vent was bored out right through both chemise and gun, to about 1} inches dia- 
meter, and a steel or wrought-iron vent was tapped through both, and rigidly connected 
them at this point at least. 


Bie 
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A more injudicious and unscientific construction it would be difficult to imagine, or 
one that more thoroughly exposes the barbarism of the established notion as to absorbing 
recoil,—seven tons of useless material, to be for ever after carried about to absorb the recoil of a 
machine, the total weight of which was 9} tons, while that of the only part of it of any 
real use was 24 tons; and this exclusive of any gun-carriage whatever. 

The gun was intended to have been proved with single, and then double, spherical 
shot. Several elongated shot, of various forms, had been provided for trial with it ; and 
it appears that, confident in the presumed enormous strength of the material, the first shot 
fired was with a charge of 25 lbs. of powder, and one elongated shot of 260 lbs. weight. The 
form of the shot was cylindro-conoidal, with a recess of about 3-inch deep, taken out for 
2 inches wide, or so, round the cylindrical part at the rere of the shot, and replaced by a 
wrought-iron ring of the same size, and with the rere edges bevilled away towards the 
inside, under the idea that it should act like a piston-cup, and close all windage at the 
moment of explosion. 

The gun burst at the first discharge, as it should have been foreseen it must do, break- 
ing into angular, glassy, irregular fragments, like those shown in lighter lines, and shatter- 
ing the chemise also into two or three huge pieces. The muzzle portion of the gun (all 
nearly that was outside the chemise) remained entire, and was thrown forward in the usual 
way. The shot was not found for some time, and then beyond the butt, over which it had 
flown. On examination, it was found (with some surprise) that the wrought-iron ring upon 
it, had been ripped off, and had either been driven forward, or had so crushed the substance 
of the cast-iron shot, immediately in advance of its forward edge, that the metal was here 
torn away and gone, leaving a sort of inclined plane, reaching some half way along the sides 
of the shot towards its point. 

The parties interested in Mr. Krupp’s manufacture are of opinion that this shot, from 
its malformation, stuck or became wedged in the gun, and that the latter burst from this 
cause, and this only. In this opinion I cannot coincide. The inertia of an elongated shot, 
of such an enormous weight, in proportion to its diameter (eight inches), was so great, 
that no doubt the wrought-iron ring may have been driven forward upon it, crushing and 
disintegrating the sides of the cast-iron shot before the latter began to move at all; but 
this would not cause it to jam in the gun; on the contrary, the moment the shot itself 
began to move, it would pass through, as it were, and free itself from all this debris, which 
would be swept along with it out of the muzzle. But the mischief was already done, the 
gun was already ruptured, before the shot had probably moved at all; this is the great and 
irremediable evil of elongated shot. 

But, would the gun have stood an equal charge of powder and of iron, with equal 


: e : Pp f 
windage, even of spherical shot? I believe not. If, from the formula, 4— V*, we calcu- 


late the maximum pressure per square inch on the gun, assuming its caliber 8 inches, or, 
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say, 50:5 inches area, and the length of traject of the shot to have been 8 feet, we shall find 
that the maximum pressure per square inch upon the gun could not have been much less 
than sixfold the ultimate coefficient of rupture for cast-steel; yet even this enormous strain 
a bronze gun might possibly have withstood for a moment with no more damage than 
enlargement of bore; but expose the rigid steel gun to a strain, but for an instant, greater 
than its ultimate cohesion for continuous force, and fracture results. 

This example, then, though not conclusive, from the want of prevision that appears te 
have attended it, fully indicates the faithless nature of this rigid material, where its re- 
sisting powers and the forces acting upon it, are at all nearly balanced. , 

The immense excess of bursting force exercised upon this gun, over and above that 
merely necessary just to rupture it, is evidenced by the irregular and curved lines of the 
fractured fragments, which are only found to follow the directions indicated (in Chap. 2, 
text), in sound guns, exposed to bursting strains not greatly in excess of their resistances. 
This is very satisfactorily shown by comparing the numerous diagrams of fractured guns in 
the experiments made at Gavre, in 1836 (Correard, Paris, 1837, 8vo), and those of the 
“ United States Reports” (Triibner, London, 1856, 4to), on Columbiads and other heavy 
guns. 

The occasional apparent departure of the lines of fracture, from the lines of re-entering 
angles on the external contour, or other directions indicated in the text, is not, therefore, 
any disproof of the correctness of the views there advanced, but a consequence of great 
eacess in the bursting power, which always produces angular, knife-edged fragments and frac- 
tures, in irregular curved lines, crossing each other, from causes not difficult to analyze. 
The fracture of steel is, however, always more of this character than that of cast or wrought 
iron. 

I am informed a 12-pounder steel gun, at Vincennes, has been fired more than 2000 
rounds, without showing any symptoms of injury, except enlargement of vent—since 
bouched with copper; and that it is intended to proceed with firing it up to 10,000 rounds, 
if practicable. 

If with a large excess of strength, there can be no apprehension that it will not stand this 
test. 


Nore Q.—(Secrs. 206 and 214.) 


On the 12th July, 1855, a wrought-iron 8-inch gun was proved at Woolwich, and burst 
into several pieces at the first discharge. 

This gun was forged at the Gospel Oak Works, Shropshire, and was proportioned in 
length and scantling very nearly by the established cast-iron models, for the same caliber 
and class of gun. 
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The breech-ring was forged on solid to the gun, but the trunnions had been forged 
separately and screwed into the body of the gun, into holes prepared with a slight rein- 
force of metal round each, the screw-threads being of sharp or angular form, and nearly an 
inch pitch. The gun was stated to have been formed by laying together longitudinally 
some ten or twelve voussoir-shaped heavy bars, previously forged out to form, and welding 
these together by continuous longitudinal weldings, the breech being also welded in; the 
whole was then bored out and turned. 

To the eye, both externally and internally, it presented an appearance of entire soundness 
and perfection of material, and the result of its trial very much surprised the majority of 
those who were present. 

The proof-charge fired consisted of 28 lbs. of powder, and two spherical 8-inch shot. 
The gun was split nearly in half longitudinally, with other secondary longitudinal frac- 
tures, and by diagonally transverse ones, turning out through one, and near to the other, 
of the places of the screwed-in trunnions. Upon examination, after the rupture, I found the 
wrought-iron of a quality so fine, as to answer to what is called technically “ over-worked.” 
Its fracture was everywhere confusedly crystalline, the average sizes of the facets not being, 
however, very large, though in some places reaching the surface of a silver penny, say, 
-inch across; fragments were capable of being broken off, from bevilled edges of the 
ruptured masses, by blows, almost with the facility of cast-iron, and with the same short, 
crystalline fracture, although bending a little more before finally giving way. 

Along the face of the principal longitudinal fracture, and commencing at 1 foot 4 inches 
from fhe bottom of the chase, or very nearly opposite the seat of the shot, was the smooth, 
bright, uneven (‘‘ slickenside” sort of) surface, that is, the evidence, in heavy forging, of a 
false weld. This extended for nearly 4 feet in length, or almost up to one trunnion; it 
reached all along, and opened right into the chase, and extended in depth into the sub- 
stance of the gun about 3 inches, leaving some 5 inches or thereabouts sound (in some 
places less); practically, therefore, the caliber of the gun, as respects the moment of strain, 
was enlarged, at all the points of maximum distress, to at least 11 inches diameter, and the 
effective thickness of metal was reduced to less than 5 inches. 

One of the most remarkable features presented, however, was the trace discoverable of 
the place of nearly every longitudinal weld, by a marked alteration of character in the frac- 
ture and colour of the iron at those places. The metal along these lines, which several of 
the fractures followed, and most markedly along the edges of the false weld, was of asilvery 
white colour, and arranged in large, brilliant, smooth, flat, crystalline plates, some as large 
in surface as a half-crown piece, say 1} to 14 inches across, through whose planes of cleavage 
(all lying parallel, or nearly so, to the plane of the welding between two original voussoir 
bars), the fractures had taken place in most instances. 

The crystals had followed in their arrangement the general law given in the text; and 


or 


involved in the Construction of Artillery. 379 


the fractures had followed their planes of cleavage, as the ‘ planes of weakness,” or of least 
resistance, in the mass. 

The change of colour in the metal at these places was due, I imagine, to its having 
united with a certain amount of silicium, introduced with the sand in the welding process, 
or perhaps by cementation only, in the prolonged heating. The gun was stated to have 
been more or less heated in the forging for about six weeks. That the fracture in this 
instance was originated in the false weld, does not admit of doubt. It is by no means 
certain, however, that, had this unsoundness not existed, this gun would have borne the 
same proof as an ordinary cast-iron gun of the same dimensions and of the best quality; 
indeed, I will venture to state my conviction that it would not. This would not have 
been so, had a more suitable sort of wrought-iron been applied to the making its consti- 
tuent bars in the first instance; the ‘‘ over-worked” iron used, having been, no doubt, the 
result of over-anxiety, on the part of the highly respectable manufacturers of the gun, to 
insure its perfection, by using for it the most highly refined iron. 

The long false weld was perfectly undiscernible to the eye prior to proof, though, had 
water pressure been applied as a preliminary test, it would probably have opened and 
shown. 

The method of putting together the gun in longitudinal voussoirs prior to faggoting 
was a capital mistake, though offering some specious advantages, in the operations of 
welding, and possible to be carried out upon a smaller scale. 

The facts are worthy of notice, as indicating the absolute uncertainty that ever must 
exist as to the trustworthiness of wrought-iron guns, forged in one great mass, although 
executed without regard to cost, and by parties anxious faithfully to produce a result of 
the highest excellence. Some of the evils incident to this gun might have been avoided 
by greater experience and judgment; but the main evil is inherent, and inseparable from 
every huge forging, and most so where the weldings are most numerous. 

The following document, addressed to the American Government, is so instructive upon 
all that relates to this subject, that I print it at length :— 


“ Report on the Explosion of the Gun on board the United States Steam-Frigate, ‘Princeton. 


“The Committee on Science and the Arts, constituted by the Franklin Institute of the 
State of Pennsylvania, for the promotion of the Mechanic Arts, to whom was referred, by 
the Legislature, for investigation, the cause of the explosion of the gun on board the steam- 
frigate, ‘ Princeton,’ report :— 

“ That they commenced their labours on the 5th of April last (1843), at a preliminary 
meeting, on board the ‘ Princeton,’ for the purpose of inspecting the gun in place, and for 
arranging the order, &c., of the investigation. The deliberations of the Committee at this 
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meeting led them to the conclusion, that a complete and satisfactory examination of the 
causes of the explosion would render it necessary to institute a judicial procedure in refe- 
rence to the method of proving and firing the gun, requiring a power not possessed by a 
Committee of the Franklin Institute. This difficulty being presented to the applicants, the 
Committee were subsequently requested to ‘ investigate the material and workmanship of 
the gun,’ and they have consequently limited their inquiry to this part of their original 
instructions. 

‘Tn the first place, the Actuary of the Institute was directed to address a series of ques- 
tions, furnished by the Committee, to Messrs. Ward and Co., the manufacturers of the gun; 
and one of the Committee was requested to make such drawings and measurements as would 
facilitate the investigation; to another member of the Committee was intrusted the duty of 
causing to be cut from the gun a number of pieces of iron, in the form of bars, by means of 
a planing machine or other instrument, so as not to change the texture of the metal, and 
which might serve as specimens for testing the quality of the material. The largest of 
these bars was afterwards given in charge to a member of the Committee, visiting Boston, 
to be tested by an apparatus for breaking iron in that city; and the other bars were placed 
in the hands of the other members of the Committee, to be experimented on, in Philadel- 
phia, by the breaking apparatus belonging to the Franklin Institute. 

‘““ These duties, assigned to the several members, have been faithfully executed, so far as 
time and opportunity would permit. 

“T.—Inspection of the Gun.*—The Committee found the gun broken across, within the 
trunnion bands; the front part remaining entire, and still, at the time of inspection, in its 
original connexion with the carriage. The breech part had evidently split into three large, 
unequal, and irregular pieces; two of these, according to testimony, passed overboard, and 
have not since been found; the other piece fell on the deck, at the distance of about 30 feet 
fromthe carriage. The appearance of the cross fracture atthe trunnion bands is shown in Fig. 3, 
and in this the relative size of the faces of the fractures, left by the three segments blown off, 
exhibited. The only remaining fragment of the breech part of the gun, that which fell on 
the deck, is shown in Fig. 1. It is 5 feet long, and at the larger end embraces little more 


* The precise dimensions of the ‘‘ Princeton’s” gun are not given, It was replaced by a wrought-iron gun, forged by 
Messrs. Horsfall, of Liverpool (Mersey Steel Company), which had the following dimensions, and which are probably much 
the same as those of the original gun :— 


Galileri cet, Static esas er se 12 inches, 
Length of chase, ©... . 2 11 feet. 
Thickness at place of charge,. . . . 73 inches. 
Weight ofshot <2. 2.2. ss sys 219 lbs. 


This gun was proved at Liverpool, with 44 lbs. of powder, and two shot of the above weight, and remained uninjured. 


? 
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than half of the entire circumference of the gun (see Fig. 2) at the middle of the fragment. 
The transverse section forms a sector of a circle of about 120°; and at the end next the 
trunnions, where it is separated from the forepart of the gun, it forms a sector of about 90°, 
as is shown ata, Fig. 3. It is evident to the Committee, as before stated, that the breech 
part split into three large fragments ; but it would appear, from the testimony of persons 
on board at the time of the explosion, that, besides these, a number of small pieces were 
thrown off in different directions, some of which are said to have passed through the sails: 
of the number and size of these pieces, the Committee have no means of judging. 


Fig. 2. Fig. 3. 

Fic. 1.—View of the fractured surface, and of the interior of the bore of the large fragments. 

Fic. 2.—Section of the fragment across the large end next the breech. 

Fic. 3.—Section across the small end of the fragment, shown in Fig. 1, near the trunnions. A—Outline of gun under 


the trunnion-bands. B—Outline of gun at the breech. 
ScaLe.—Three-fourths of an inch to the foot. 
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“ TI.—Mode of Construction, and History of the Material of the Gun.—In reference to 
the mode of constructing the gun, and the history of the material of which it was formed, 
Messrs.Ward and Co. readily furnished direct answers to all the questions proposed to them, 
and expressed a laudable desire to give the Committee any information in their possession 
which might tend to throw light on the investigation. 

‘“«The following are the questions proposed to Messrs. Ward and Co. :— 

‘“«¢1, Of what description, and from that locality, was the ore from which the iron was 
made? 

«2. By whom, and where, was the iron made? Was the cold or the hot blast used? 
Was, or was not, the iron puddled? Was it manufactured by hammering, or by rolling, 
or by both processes ? 

“¢ 3. In what state, and of what size, were the pieces of iron of which the gun was com- 
posed? Was the iron introduced into the work in the state of blooms or bars? If in bars, 
of what dimensions were they? And were the faggots trimmed ? 

«¢4. Was any substance used to assist in welding? What was the aggregate time 
during which the gun was kept heated? And what was the average interval during which 
the surface was exposed, in a heated state, between the weldings? 

‘«¢5, Describe the mode of manufacture of the gun, and the position of the bars severally, 
as they were welded together. 

“<6, What was the diameter of the shaft made by the first faggot, and the whole dia- 
meter of the shaft made by longitudinal bars? 

“¢7, Forward, if possible, specimens of the iron of the gun. 

“«¢ And, in conclusion, the Committee will feel much indebted to you for any informa- 
tion which may appear to you to be of interest, in reference to the investigation, and 
especially in reference to the change of structure which is supposed to take place in iron 
under long heating.’ 

“To these questions the following answers were given, in the order in which they were 
proposed :— 

«1. The ore, from which the bars used in the gun were chiefly made, was from beds in 
the vicinity of Clintonville, in this State (New York), and known as the Arnold and Palmer 
Ore, and we suppose it was used in about equal proportions. 

‘««¢2. The principal part of the iron was made at forges on the Ansable River, in 
Clinton County, by two or three different individuals, and we believe that the hot blast is 
used by them all, A few hundred-weight of the iron, used on the small end of the gun, in 
lengthening it out, was puddled by ourselves, on the old plan, with bituminous coal, and 
without artificial blast, and the whole throughout was manufactured by hammering alone. 

«3, Much the largest part of the iron used was in the form of bars, four inches square, 
and in length of about 84 feet. No blooms were used. A part of the bars, we should 
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think about one-half, were trimmed at the end, the others not; though the bars in the faggot, 
with which we commenced, reached to the extreme end of the breech, and was then drawn 
down from twenty inches diameter to about half that size, and then cut off; by which means 
the fag ends were effectually got rid of, and, at the same time, the fibre of the iron drawn 
round the end of the breech, to give it strength. 

«4. No substance whatever was used to assist in welding. Forty-five and a quarter 
‘turns, or days’ work, were expended on the gun, from the time of commencement to its 
completion; during which time it was, of course, hept more or less heated; and the average 
time in getting a welding heat, when at the full size, was, on the breech, about four hours, 
and, on the small end, two and a half to three hours. 

“¢5 and 6. The work was commenced with thirty bars, of dimensions the same as before 
described, laid up in the usual manner of a faggot. These were heated and welded together, 
and, when so done, rounded up, forming a shaft from twenty to twenty-one inches in dia- 
meter. Iron was then laid on to enlarge the size, being for the most part prepared in the 
form of segments, partly from scraps of our own working, and partly from bars, and made 
of different thicknesses, to suit the position for which they were intended on the gun. The 
weight of them must have varied from about 200 to 800 lbs., the heaviest ones being put 
on the breech, on which were laid two tiers, or strata, the one being first welded, and then 
the other upon the top of it. They were of such length usually, that three of the sezments 
reached round the body of the gun. 

“«7. We have but two small pieces of the gun, which we had chiselled off from one 
of the fragments, and which we wish to preserve. We would send them, however, were 
it not easy for you to get supplied in the same way. 

‘“««In conclusion, we beg to remark, the iron was such as we had on hand when the 
gun was ordered, and was not made with any special reference to it. It was what we 
agreed to use in it, and was recommended by us as iron of a good and suitable quality; 
and of this fact we have evidence the most ample. We had no time for preparation of 
any sort; the order for the gun being given on or about the 4th of July, and the work 
commenced in two or three days afterwards. The iron appears, to some extent, crystal- 
lized, though we have seen instances of good iron, broken by a sudden and violent blow, 
appearing much more so. With regard to its density, no doubt this will vary slightly 
in different parts of the gun; some parts having been expanded, by long heating, after it 
had become of such a size that no hammers, at present known, could affect it much,— 
though the hammer under which this piece was made weighs 15,000 lbs. The weight of 
the gun, before being bored, was 27,390 lbs. Iron, when long heated, and not much 
drawn, we apprehend, in all cases loses something of its fibrous properties, and assumes a 
more crystalline appearance. 

** Your Committee, we trust, are aware that the gun stood a charge of 49-5, lbs of 
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powder, with a ball, in the coldest weather of the past winter, and this under the disadvan- 
tage of being secured firmly down, and not in a carriage where it could recoil. It occurs 
to us to mention, that the bands which we made for the other gun, and which held it 
together for more than a year past, were made from the same kind of iron as that of the 
exploded gun.’ 

“Although the information contained in the answers of Messrs. Ward and Co. rests 
on voluntary testimony, yet the Committee place the fullest confidence in its accuracy, so 
far as it is derived from the personal observation of these gentlemen. The answers, how- 
ever, do not state distinctly the process of manufacturing the iron of which the principal 
part of the gun was made; and, on this point, the Committee have since received infor- 
mation, also entitled to credit, that, at the forges mentioned by Messrs. Ward and Co., 
the iron is formed directly from the ore, and without piling. Although iron, thus pre- 
pared, is called, by some, a good ‘merchantable article,’ the Committee consider it of an 
inferior quality for purposes where great strength is required. 

“TII1.—Examinations relative to the Homogeneity of the Metal, the Welding, §¢—In 
order to a preliminary examination of the quality of the material, pieces from different 
parts of the large fragment were broken off, and the fresh fracture exhibited by these care- 
fully inspected. The surfaces of these pieces were found to vary from a fine granular to 
a coarse crystalline texture; and, in one specimen, the face of a crystal was exhibited, 
three-fourths of an inch long, and half an inch wide. The faces of the crystals were not 
in the general plane of the fracture, but in various planes; and the comparison of all the 
pieces fully showed great want of homogeneity in different parts of the gun. 

‘“«Tt may, however, be proper to remark in this place, that the Committee were con- 
vinced, from their own experiments during the course of this investigation, that the 
difference of the appearance of the fracture of different pieces of iron depends very much 
on the manner in which the breaking has been produced. In two fractures made in the 
same bar,—the one by indenting with a chisel, and then breaking across an anvil; and 
the other by a gradually increasing pull,—the latter exhibited a fibrous structure, without 
the appearance of a single crystal; while the other was pronounced, by a workman, to be 
the fracture of a piece of inferior crystalline iron. It also appears, from the experiments 
of the Committee, that although the fibrous fracture indicates a considerable degree of 
ductility, it can, by no means, be relied on as an indication of the tenacity of the metal. 
In one case, two pieces of remarkably soft and pliable iron, which exhibited a perfectly 
fibrous texture when pulled apart, were found to possess about four-fifths of the tenacity 
(i.e. ultimate cohesion) of a piece of iron which exhibited, under the same circumstances, 
a granular texture. 

“The Committee, however, are convinced, that when the fractures are produced in 
the same manner as by means of a sudden transverse force, the appearance of the surfaces 
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does afford, to an experienced eye, an indication of the quality of the iron, and that the 
same appearance offers a ready method of determining the homogeneity of the structure 
of a large mass. 

“The next object of examination to be described was the surface of the original frac- 
ture of the large fragment of the breech. This exhibited, in several places, traces of the 
original bars of which the gun was constructed; also spots indicating a want of perfect 
continuity in the metal,—which was the more evident, as these were, in some cases, 
covered with a brittle scale of the oxide of iron, of the thickness of a sheet of drawing- 
paper. The position and relative size of one of these spots is shown ata, in Fig. 1. It 
is between 9 and 10 inches long, and, in the broadest part, 3 inches wide; it approaches, 
at its nearest part, to within three-fourths of an inch of the chamber, and may have 
extended into it in another plane oblique to that of the general fracture. Within this spot 
was observed what, at first, appeared to be an imbedded lump of stone; it was probably, 
however, a mere scale of slag, since it was lost sight of in the subsequent operation of cut- 
ting the iron. The Committee think it probable that, from the direction in which the 
pieces must have been blown from the gun, and other circumstances, the rupture com- 
menced near this spot, and that it was the approximate cause of the rupture taking place 
in the plane exhibited, rather than in any other. 

“ Besides the spots indicating a want of continuity in the metal in the plane of the 
fracture, the edges of many others, in different planes, were observed; also a wide solution 
of continuity was shown throughout a cylindrical surface, concentric with the bore, and 
extending, in one place at least, entirely around the fragment. This was evident from the 
fact, that oil, poured in at the upper side, came out at a, after passing through a distance, 
within the fragment, of about 3 feet. Another opening, in the prolongation of the cylin- 
drical surface, is shown atc. The sides of this were separated to a distance of a quarter 
of an inch, and, by inspecting these, it was evident that they had never been welded: into 
this opening a wire was thrust, to the depth of 10 inches. From the end of the same 
opening, a crack extends into the bore of the gun, as is shown in the drawing. At e is 
shown the section of a small cavity of a triangular form, the longer side of which was 
about an inch, and the shorter half of that length, which has the appearance of having 
never been filled up. The large solutions of continuity concentric with the bore were, in 
all probability, at the place where the large masses—described in the answers of Messrs. 
Ward and Co.—commenced to be welded on to the longitudinal shaft. 

“TV.— Experiments relative to the Quality of the Material of the Gun.—In reference to 
the experiments instituted for the purpose of testing the strength of the iron, it is impor- 
tant, in the first place, to refer to the fact, that the pieces of iron were all cut from the 
large fragment of the breech, and, therefore, from the immediate part of the gun where 
the fracture occurred. The bar sent to Boston, to be experimented on by a member of the 
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Committee in that city, was cut from the wall of the chamber, lengthwise of the fibre: its 
position is shown at g,in Fig. 1. For the purpose of comparison, the same member of 
the Committee was furnished, by Messrs. Ward and Co., with two bars of iron taken from 
the same parcel, and supposed to be of the same quality as that used in the construction 
of the gun. 

“ The following is a Report of the experiments and observations made with these bars 
in Boston, so far as they have an immediate bearing on the questions to which the Com- 
mittee are restricted. It should be recollected, that they were made by one of the members 
of the Committee, and without a knowledge of the results obtained in Philadelphia by 
the other members. 

«<The bar cut from the body of the gun was reduced, in a planing-machine, to the 
size of 2 inches square, and was subjected to a transverse strain, supported at both sides 
on knife-edges 20 inches apart, and the weight applied in the middle. The different 
weights applied, with the deflections, and the permanent set caused thereby, were as 
follows :— 


Weight applied. Deflections. | Permanent Set. 
Ibs. Inches. Inches. 
10,800 “35 30 
12,825 “61 55 
13,950 "94 87 
15,570 1:22 1:15 
16,650 1°52 1°44 
17,300 1°83 1:75 


“«¢The bar endured this strain without exhibiting any cracks, or other indications of 
approaching rupture. One of the original bars, having the same dimensions, was tried in 
like manner, and gave similar results. 

«+ By these trials it appears, that so far as respects the quality of stiffness, the iron has 
undergone no change in the process of forging the gun. 

“««To determine the tensile strength of the iron, or its power to resist being torn asun- 
der by a force applied in the direction of the length of a bar, three specimens, taken from 
each bar, were reduced to a suitable form for breaking by tension, in a turning-lathe, in 
order to have the material in the same state as it existed in the bars, undisturbed by any 
heating or hammering. The third specimen from each bar was drawn down under a 
welding heat, at a common smith’s forge. All of them were reduced, in the part where 
the fracture would occur, to a uniform diameter of six-tenths of an inch. 

‘“«« The following results were obtained :— 

‘“«« From the original bars, representing the quality of the iron before welding the 


gun :— 
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Ibs. per Square Inch. 


First specimen, from bar A, broke with . . . . 45,359 
Second Py bs 3 Such pactianiome ORSHE) 
Mean, .. : Ja ahaa atte TODS 
First specimen, from bar B ore an sate 6 O0'980 
Second nS a 5 So Mo ee aly 
Mean tare Man Men se eptease yr eee ee si AGA 


«<«]],_From the same bar, drawn down under a welding heat :— 


Ibs. per Square Inch. 


One specimen, from bar A, broke with . . . . . 39,875 
” ” B, ” Sy ey el lar ke 49,338 

Mean wt tiger. es al ee eee Peer AG LShG 

Mean of six specimens from original bars, ) a) 46,086 


““« T]].—From the bar cut from the body of the gun:— 
First specimen from this bar, unaltered by heating or 


hammering, broke with . . . . 40,585 
Second specimen from this bar, aaleoeed by Tesene 
or hammering, broke with . . . .. . . . 386,606 
Mean ae aera Gein Fy «APRS Sao ies SURE SENOS 
One specimen from this same bar, drawn down under a welding 
Cate MME Suen fey Mls MIR cola re) once tars, Meee eon 


‘««In order to compare the iron used in the construction of the “ Princeton's” gun 
with other kinds of wrought iron, the following additional specimens were tested :— 


Ibs. per Square Inch. 
Russia iron, the common flat bar, one specimen, . . . . 62,644 
English rolled iron, from different bars— 
Ibs. per Square Inch. 
Banke’s, first specimen, . . . .. . . .- - 906,896 
r second ,, Pee heist tet ous. Bot LOO WMGS 


Meant eee te ate a en ee Pant Se OND Oe 
Low Moor, first specimen, ‘sod niet dee Tories 3 |°}4o% 550) 
. second ,, Ab eel ciate wpaicoieild 10 Lt 


Means bisteine foteicth o& ishatteaeit olen, 7 buiekedcte DO LOS 
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: , Ibs. per Square Inch. 
American hammered iron, from different bars,— 


Bridgewater, Mass., first specimen, . . . . . 58,488 
‘ » second ,, Boerne SEG) 


Meanie <= 2] fis. “afin woah SP load snacedd sn stirane OHO 


‘“* Recapitulation of all the kinds of wrought-iron tried, showing the actual and the 
proportional cohesive power of each at one view :— 
lbs. per Square Inch. Proportional Strength. 
Russia iron, . « ee RO ZRUAAN ees eh ee eel OOOO 
fave [ Bankes, B ». - - 96,982 . . . . . -9024 
English iron; “| Low. Moor,"'.* 2< Sega ten) lh S=).8955 
American, spite Bel Bch ae exe. ck EA DONO! Been ne ste eg. fe “OOUD: 
Tron of the f Original bars, . 46,086 . . . . . +7356 
3” Agin The SUN st 608,000) 0-0 enn) en encOlloll 
Same, re-worked, 52,521 . .. . . :8383 


“ Princeton’s 
gun. 


‘“«* The results of this examination appear to show, that the iron used in forging the 
“ Princeton’s” gun was originally of an inferior quality, having only about three-fourths 
the strength of English iron. It appears, also, that the original strength of the iron is 
considerably impaired by the process of welding it into so large a mass as that which formed 
the gun,—the strength, before and after welding, being about as 6 to 5. 

‘Tn the opinion of the General Committee, the specimen of English iron, used in this 
comparison, is of a good quality, while that of the American is not of the best kind. 

“‘ The following are the results of experiments made at the Hall of the Franklin Insti- 
tute, in reference to the quality of the material of the gun:— 


“ 1.—Experiments with the metal, in the state in which it existed in the gun:— 


First specimen, cut from position marked , near the bore of the gun, being oe 

part of the shaft made of the longitudinal bars; strain, lengthwise of 

fibre, broke with a tension on the square inch of . . . . . . . 388,400 
Second specimen, from the same place, circumstances same, broke with less 

Thanet Fees Ake eee ec lae Mem edt See . 25,800 
Another specimen, from position marked h, near the batide of nae gun, 

RCTOSS the diblese tetas Miepaeee. ceed ct GoMire Lcomaee Rims emt roleOO 


Second specimen, from same place, circumstances same, less ‘dian By caro) culls tl(00) 

Third specimen, continuation of the preceding, towards the breech, . . 41,400 

Specimen in tangent to circle of bore across fibre of shaft, made by the lon- 
gitudinal bars, from position marked ZL, broke with,. . . . . « ~ 23,700 
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“ 1].—Metal from the gun, annealed, but not hammered :— 


Ibs. 
First specimen, from position marked h, lengthwise of fibre of shaft, made 


of longitudinal bars, broke in two places, the first breaking-weight being, 36,300 


And the second breaking-weight, ...... 2... .~. ~. . 89,100 
Second specimen, from same place, ......... =.=. =: . 82,800 
“ T]I.—Metal from the gun, drawn down, at a welding heat, under forging- 
hammer :— 
First specimen, from the position markedm, ...... . . . 58,000 
Second specimen, fromthe same, .......... . . « 68,950 
“ Recapitulation :— 


1. The average tensile force with which the specimens from the interior of 
the gun broke, when strained in the direction of the fibre, is less than 32,100 
. The specimen from the interior, strained in a direction across the fibre, 


bo 


gave : : ies. 205000 
3. The specimens rae the giilaras of “ise eun, across the oe ave an 

average oflessthan . . . : 45,333 
4. Annealed specimens from the salons seca jester: ise of the fibre, 

gave an average of, . .. . , bike eben 6,06 
5. The average of all the specimens aun itis gun, not bath indsa is . . 88,300 
6. The average of the specimens worked down under the hammer is, . . 63,475 


“The general conclusions from these results are the same as those from the experi- 
ments made by the member of the Committee in Boston, so far as the two series can be 
compared. 


Ibs. 
1. The average strength of the iron, as it existed in the gun, from both 


series, is + Mele 5 , on . 33,586 

2. The average strength of ioe iron en the gun, ee isda Foe ae 
with the hammer, from both series,is . . . ; : 59,824 

3. The average strength of the original bars, from the aia of aie 
TITSEIBCTICS,CIS4 > | ay! atm, Syne 5, are - 3 Pee ss CEM 

4. The average strength of good Cece iron, hoe the een of 
a former Committee of the Institute,is . . . . =. =. =. =. . 60,000 


“No experiments were made, at the Hall of the Institute, on the original bars of which 
the gun was formed, owing to a misapprehension, by Messrs. Ward and Co., of the request 
of the Committee (see Question 7, and its answer); none of the metal, in its original state, 
was sent to Philadelphia. The conclusion, therefore, in reference to the quality of the 
original bars, rests on the experiments made in Boston. In the accuracy of these experi- 
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ments, the whole Committee have the fullest confidence; and, in this point, the result is 
also corroborated by the fact of the large size of the bars, and that there is no evidence 
that the iron had been piled. 

“ Besides the experiments given in this Report, the Committee commenced a series of 
others, on the effect produced in a mass of iron by long heating, without cooling—by 
heating and cooling alternately—by subjecting the metal, for several weeks, to a constant 
vibration, &c.; but the Committee are not clearly of opinion that they can depart so far, 
from the inquiry to which they were limited. 

“ V.—Conelusion.—From the results of the whole investigation, the following facts are 
derived :— 


1, The iron of which the gun was principally made was capable of being rendered 
of a good quality by sufficient working. 

2. In the state in which the iron was put into the gun, it was not in a sufficiently 
good condition for the purpose to which it was applied. 

3. As the metal existed in the gun, it was decidedly bad. 

4, As to the manufacture of the gun, the welding was imperfect. 


“ These facts relate exclusively to the gun submitted to the examination of the Com- 
mittee, and are derived from immediate experiment and observation; but, besides giving 
these to the public, the Committee feel bound to express the opinion, that, in the present 
state of the arts, the use of wrought-iron guns of large caliber, made on the same plan as 
the gun now under examination, ought to be abandoned, for the following reasons :— 


1. The practical difficulty, if not impossibility, of welding such a large mass of 
iron, so as to insure a perfect soundness and uniformity throughout. 

2. The uncertainty that will always prevail in regard to imperfections in the weld- 
ing; and— 

3. From the fact that iron decreases very much in strength from the long exposure 
to the intense heat necessary in making a gun of this size, without a possi- 
bility, with the hammers at present in use in this country, of restoring the 
fibre by hammering. At the same time, the Committee would not wish 
to be understood as expressing any opinion whether the construction of a 
safe wrought-iron gun, upon some other plan, is practicable or impracticable, 
in the present state of the arts, inasmuch as this subject has not been referred 
to them by the Department. 


‘« By order of the Committee, 


, “ Witram Hamitron, Actuary. 
Philadelphia, August 8, 1844.” 
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Nothing can more strikingly show the deteriorating effect of forging into large 
masses (however done) upon the tenacity of wrought-iron, than the facts of the preceding 
Report, nor the uncertainty of the process, as respects welding. That the latter difficulty 
may be greatly mitigated (though it cannot be removed), by pre-eminent skill on the part 
of the hammer-man, is proved by the success of the Mersey Steel Company, in the dupli- 
cate perfected by them of the gun which failed for the “ Princeton,” and still more in the 
stupendous and apparently perfect forging they have now almost finished into a gun for 
Government,—no doubt by far the largest ever made in one piece, being 133 feet length of 
chase, 13 inches caliber, 14 or 15 inches thick at the charge, and about 9 inches at the 
muzzle; asolid shot of which will weigh 300 lbs. 


Notre R.—(Srcr. 214.) 


Sex Note Q. Late experience has shown me, that in very large cylindric masses of forged 
wrought-iron (i.e., of 3 feet diameter, and upwards), amongst the other abnormal circum- 
stances involved in their production, is that of their frequently rending or tearing, inter- 
nally, in planes nearly parallel with and about the axis, though not always in it,— 
presenting characters similar to those described in Section 217; and the cause appears to 
be, that in the progress of cooling of such a mass, the exterior cools first, and becomes rigid, 
while the internal portions are still red-hot and soft. The external parts would contract as 
they cool; but they already grasp, in perfect contact, the still hot interior; the exterior, 
therefore, cannot contract fully, but becomes solid under constraint circumferentially,— 
partly itself extended, in virtue of its compressing the still hot and soft interior; the latter 
at length, also, becomes cold and rigid; but ¢s contraction is now resisted by the rigid arch 
of the exterior, with which it is surrounded. The contraction of the interior, therefore, is 
limited to taking place radially outwards from the centre; and thus the mass rends itself 
asunder in some one or more planes parallel to the axis of the cylinder. 

In a cylindric mass of forged iron, varying from 24 to 36 inches in diameter, rents of 
18 inches in width across a diameter were found, with jagged counterpart surfaces, clearly 
torn asunder, and about #ths of an inch apart at the widest or central part; and the fact is 
most instructive as to the enormous internal strains that must exist, from like causes, in 
cast-iron guns and mortars of large size. r 

It is probably from this cause that more or less hollowness is found in the centre of 
almost every large forging, greater in proportion as it is larger. The difficulty is one not 
easily overcome: very slow, and, as far as possible, uniform cooling of the whole mass in 
an annealing oven, suggests itself as one; but this has disadvantages, in enlarging the 
crystalline development of the metal; or providing a central cylindric opening, so as to 
cool both the circumference and the centre together. 
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Note 8.—(Secr. 265.) 
Physical Constants of the Materials for Gun-founding. 


Tue Reports of Colonel Talcott and of Mr. Wade (‘‘Ordnance Reports, United States 
Army, 1856”) indicate generally that the ultimate cohesion, both of cast-iron and of bronze, 
rises with increase of density, although several apparent anomalies are introduced, that 
would have disappeared, under more rigorous and distinct methods of putting the questions 
to experiment. Many of the data of these Reports, nevertheless, are amongst the most 
valuable and important that have yet appeared. 

In bronze gun-castings the extremes of density and tenacity were found to vary from 
the gun-head’s specific gravity 8:353, and with so low an ultimate cohesion as 26011 lbs. 
per square inch, up to specific gravity 8-896, and cohesion 56,360 Ibs, per square inch. 
The density was found steadily to increase with increased head of fluid metal, varying in 
the same gun, e.g., one of about 90 inches length (12-pounder), thus :— 


Top of gun, specific gravity, . . 8523; cohesion, 23,108 Ibs. per square inch. 
Base of gun, % eS AIOS Fp 36,672 7 


In another gun the cohesion varies from 26,426 Ibs. to 52,192 Ibs. per square inch. At 
about -6;ths of the ultimate cohesion, bronze is stated to begin to stretch and permanently 
lose form; this estimate is probably much too high. 

It is certainly surprising to find, throughout these generally valuable and elaborate 
Reports, the most perfect neglect of the all-important constant of extension in relation to 
strain. Ultimate cohesion, the final force of rupture, is systematically, and in very nume- 
rous examples, ascertained, but the amount of ewtension by less strains, prior to rupture, 
is not only neglected, but even the value of ascertaining such a constant at all, appears 
to be unknown; for the testing machine, figured and described in detail, though capable 
of determining the ultimate resistance to tension, compression, and transverse strain, and 
the resistance and angle of torsion, appears actually incapable of giving the amounts of ex- 
tension, under various strains, with any pretension to accuracy; the longest specimen pos- 
sible to be tested thus, being limited to under] foot long (Prof. Hodgkinson’s experiments on 
extension of wrought-iron were conducted on bars of jifty feet in length), so that it would 
really appear that the importance of the coeflicients 7, and 7). remains as yet unrecognised 
by the United States Artillery authorities; and the same seems to be the case at Woolwich, 
where the testing machine is a duplicate of the American one, and, I believe, imported 
thence. Compression, in relation to load or strain, this machine appears to determine, 
although certainly with immeasurably less accuracy, than in the methods employed by 
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Prof. Hodgkinson with long bars; and amongst the results of this class, I find almost the 
only trials of the crushing force for steel that I have met, thus:— 


Cast-steel, not hardened, . . . . 198,944 lbs. per square inch. 
° hardened low temper, . 354,554 “ 
. hardened mean temper, . 391,985 es 
: hardened highest temper, 372,598 S 


It seems scarcely credible that no series of experiments appears ever to have been made 
by physicists or artillerists hitherto, upon the compressive force for bronze; at least I have 
searched for such in vain. Its importance, as one of the data for calculation, has been 
pointed out in the text. 

Some experiments are subjoined, for which I am indebted to the kindness of Colonel 
E. F. Wilmot, R. A., Superintendent of Gun Factories, Woolwich Arsenal, who obligingly 
had them recently made, at my request. 

The series No. 4, appears to be of a character to use in practice; the others, though not 
applicable so directly, are not devoid of practical interest. 


Experiments made at the Royal Gun Factory, Woolwich Arsenal, on the Resistance of Bronze 
Gun Metal to Compression, April, 1856 :— 


The pressure is in lbs., and the compression in decimals of an inch. 


Specific ] - 3 
Gravity. | ips, | Ibs | Ibs. | Ibs. | Ibs | Ibs. | Ibs. | Ibs. | Ibs. | Ibs | Ibs. | Ibs. | Ibs. 
2500. | 5000. | 7500. | 10000. | 12500. | 15000. | 17500. | 20000, | 22500. | 25000, | 27500. | 30000. | 32500. 


Specimen. 


280 | 330 | ‘371 


A} 83194 | :025 | °057 | 12 17 22 265 | 30 | -34 ese "417 | 455 | 493 | 540 
No. 1 
: 8-2827 | -021 | -061 | -131 | -191 | -248 


B| 82954 | -03 | 078 | 15 | -22 272 | 857 | 47 | 56 | 586 | “612 
(6) | | 
Mean | 8:2992 | -208 | -065 | -184 | -194 | -247 | ‘301 | -370 | ‘424 | 460 | 514 
| 
| 


B | 83641 | -006 | 022 | -078 | -138 | -200 | ‘250 | 315 
C | 83263 | -01 “031 | 08 | -140 | -210 | ‘260 


A} 86811"! -01 035 | -100 | 161 | -219 
No 2, 


Mean 8°4572 | -008 | -029 | -086 | -136 | :209 | -240 | -315 


A} 7-9171 | -005 | -060 | 130 | -200 | -252 | 308 | :359 | -401 | -450 | -490 | -530 | -563 | -592 
No. 3, <B/} 7°9511 | 013 | -072 | -145 | 211 | -270 | -322 | 370 | 420 | -460 | 500 | ‘540 | “570 | -610 
C | 81936 | -01 060 | *135 | -200 | 259 | 310 | 370 | *430 | -489 


Mean | 8:0209 | -009 | -064 | 137 | -203 | 260 | 313 | 366 | 417 | 466 | 495 | °535 | 566 | -601 


B| 86723 | -005 | 029 | -095 | -152 | -202 | 250 | -292 | 348 | -379 | 420 | -460 | -495 | -52' 
C i) 


A 87068 | :005 | 025 | -100 | -170 | +223 | -270 
No. 4,t 
8°7077 | 001 | -058 | *143 | +192 | -202 | -288 | *325 | *365 | 408 | 450 | -490 | 521 


Mean | 8°6956 | 004 | ‘037 | °113 | +171 | ‘209 | -269 | 308 | *356 | 393 | -433 | -475 | -508 | 536 


* This trial was repeated several times, with the same result. 
+ The results of this experiment, being made of metal more homogeneous, are perhaps the most correct; but it is 
desirable to use larger specimens, 
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Specimens marked Nos. 1, 2, and 3, were cut from a “ runner” of a cast, of a 24-poun- 
der howitzer, thus :— 


13) Sadageseeanee SL ODE CenOoCHSncoctIanoeea Sanco. -idosacthosocceadcerasnacasenosancosGecr aso. oerceorcogeagcanc A 


Xinos UL coc NM veoAcaes Nemes Outen Onletaataese tm ccee< as morte ONIN cnn Kt weer <ean Lares 
No. 1. No. 2. No. 3. 


A is the upper and B the lower end of the cylindric “runner,” which was 24 inches 
diameter. The runner, of course, stood vertically in the mould when being poured. 
The centre of each piece, Nos. 1, 2, and 3, was turned into a (solid) cylinder, 1 inch 
in length and 0-5-inch diameter, A, B, C. 
Composition of the metal used for charging the furnace in the casting of the gun :— 
Cwt. qrs. Ibs. 
Heads te Sone 
Copper pigs,. . 25 1 4 
Hard metal, . . 0 2 8 (half copper and half tin.) 


The amount of compression was noted after each 2500 lbs. pressure, as given in the 
Table. 

The testing was discontinued when the axis of the specimen became oblique to the pres- 
sure. This occurred in all the specimens, probably from the smallness of the base, or want 
of homogeneity in the composition (want of the line of pressure remaining perfectly inva- 
riable ?—R. M.) 

The power of the testing machine is limited to the greatest pressure given in the 
Table. 

Specimens No. 4 were cylinders taken from the cascable of a 24-pounder howitzer, 
and divided into—A the top, B the centre, and C the bottom, cast under the pressure, 
including the ‘dead head,” of about 10 feet. 

The time occupied in obtaining the results averaged two minutes for each 2500 Ibs. 
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The American experiments embrace some excellent results as to resistance to torsion. 
The following, though not a summary, may serve as an example :— 


Comparative Resistances to Torsion of the three Materials for Cannon. 


Ultimat Strain at Apannyeree 
Ultimate ima e Tain al strength, 
weight | Fe Laat | gx 2. 
46u" 
Cast-Iron, Greenwood, Ame- 
TICRIALG Mat ciel) eile e's 8799 16° 6447 7036 
Nos. 1 and 3, mixed,. . .| 9752 10°5 6611 9755 | 
aa 1,| 10467 16°7 7000 9212 
Nos. 1 and 2, mixed, . es 7847 21°7 4723 7440 
Nos. 1, 2,and 3,mixed,. .| 9711 14°0 6793 8792 
1) 5546 17°°5 4289 
Wrought-Iron, . . . <2! 5399 16°6 3779 
3,| 5450 39°°7 3197 
BTO0Zly a omisikin oN ahah sexe 5511 98°0 2021 


The transverse strength of some of these cast-irons was found to be nearly doubled in 
passing through only four remeltings in place of thirteen. 

The torsion bars were about 2 inches diameter, and 15 inches between the points of 
twist. 

The experiments recorded, which are very numerous and valuable as to the relations 
between ultimate tenacity and specific gravity in cast-iron, are quite in accordance with 
my own former experiments (sections 55, 56, 57), and with the statements of the text; 
several apparent anomalies, left without explanation in the United States Reports, being 
accounted for by the application to them of the principles advanced by myself. 

The following Table presents, in one view, most of the constants for cast-iron suited for 
gun-founding, deduced by the American experimenters :— 


Cast-Lron. 
4 Resistance | Resistance | Resistance | Resistance | Hardness or | _ Ratio of 
clas Specific to to Transverse to to Resistance to) Torsi 
Experiments.| Gravity. Tension. Strain. Torsion. | Compression. | Indentation, Caneel 
1 7-087 20877 6084 6176 99770 12°16 1:47 
2 7-182 30670 7587 8541 139834 18-03 1: 4:56 
3 7°246 35633 8806 9659 158018 25°42 1: 4:15 
4 7270 39508 9158 9827 159930 25°59 1: 4:05 
5 7340 32458 9274 9065 167030 30°51 1: 5-00 
Means, 7-225 31829 8182 8614 144916 22°34 1:451 


The experiments as to hardness were made by pressing, under a constant load, a rec- 
tangular, prismatic, sharp steel tool, into the several metals, observing the depth, length, 
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and breadth of the prismatic hollow produced, and considering the hardness to be in 
each case inversely as the volume of the material thus displaced. The results thus ob- 
tained are, no doubt, of value; but it admits of question whether, for artillery pur- 
poses, the steel prism should not be impelled by the impulse of a constant weight, at a 
constant velocity, i.e., falling from a constant height, instead of being merely slowly 
pressed into the metal; and it is further obvious, from the remarks of the text (chaps. 27, 
28, 29, 30), that neither method will afford any true measure of the abrasion and wear of 
guns in service. 

The following Table is a reswmé of the properties of the four principal materials for 
ordnance, collected from the American experiments, and may be usefully compared with 
the Table xrv. of the text:— 


Physical Properties of the Materials for Ordnance. 


Torsion. , 
Resistance 
toCom- | Hardness, 


At 0°30’. |At rupture, Pression. 


Specifie 


| Tranverse |_ 
Gravity. 


Tenacity. Strength, 


Metals. 


Cast-iron, min. | 6-900 | 9000] 5000 | 3861 | 5605 | 94529] 4:57 
max,| 7400 | 45970 | 11500 | 7812 | 10467 | 174120 | 33-51 


” 

Wrought-iron, min. | 7404 38027 | 6500 CHES aol 40000 | 10°45 
=5 max.| 7858 | 74592/... 4289 7700 =| 127720 | 12°14 

Bronze, min, | 7:978 17698 |... 2021 5511 |}... 4:57 
a max. | 8-953 56786 aye of sis Sle 5°94 

Cast-steel, min, | 7:729 198944}. 2. 


‘ max. | 7862 | 128000 23000 | . . |... | 391985 


The strongest is to the weakest cast-iron thus as 5: 1 in direct tension; as 2: 1 in trans- 
verse strain, torsion, and compression; and as 7:1 in hardness. Bronze varies in tenacity 
as 3:1. The Reports state that “ the properties of metals, which are the most essential in 
the manufacture of cannon, are ¢enacity and hardness, and, as holding an intimate relation 
to these, density;” but it is surprising to find that nothing is said of the importance of 
extensibility within the elastic limit, which, I would hope, the principles enunciated in the 
text have sufficiently shown to be, next to cohesion itself, the most important physical con- 
stants that relate to the materials for the construction of cannon; one, the past neglect of 
which has been productive of more failure, and abortive, but costly, attempts at improve- 
ment of ordnance, than any other. 
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Nore T.—(Secr. 266.) 


Field Batleries of Wrought-iron Guns.—A recent date has seen the reduction to one 
caliber (12-pounders) of the whole field-train of France, the realization of the ideas first 
developed by her distinguished ruler. 

The advantages appear now confessed by all, and may be summed in great degree in 
two sentences—simplification and increase of power. The latter has resulted much from 
the abandonment of all the guns of smaller caliber. 

It does not appear to admit of dispute that increase of caliber, and therefore of range, 
must be always advantageous to the army possessing it. The decisive effect of the absence 
or presence in the field of preponderating weight of metal, was strikingly shown last year 
by that of the two 18-pounders so opportunely brought up by the English at Inkermann. 

The general advantage, then, of increased caliber in field-batteries does not seem ques- 
tioned; but with every increase of caliber, a train of consequences requires consideration. 
The weight of ammunition; the strength and weight of gun-carriages and ammunition 
boxes, &c.; the horse-power for transport, and perhaps the number of men per gun, must 
all be increased, but still faster, probably, in the ratio of D* to D. 

The weight of shot alone must increase in this ratio; but it is far from certain that the 
weight of powder must, for the experiments or propositions made by Brittan, the author, 
Whitworth, and others, on elongated “ running shot,” with closed windage, prove that it is 
quite practicable to obtain, with equal weight of such shot, equal ranges to round shot, 
with charges of one-third, or even less, of established service charges; but elongated shot, 
with small windage, by which alone this important economy in cost for expenditure and 
transport of powder can be realized, demands guns which shall be capable of withstand- 
ing, uninjured, the greatly increased local strain at the moment of explosion, and which 
bronze guns will not do; the increase of dimensions, and, therefore, as respects ammunition, 
of weight, and horse-power, would be reduced to what is needed for increased weight of 
shot only. 

As at present constructed, recoi! is met wholly by the inertia of the gun and of the gun- 
carriage ; and if caliber be increased, these must be increased in mass to meet it; that is to say, 
in undisguised words, our means for absorbing or reducing the recoil remain of that pri- 
mitive character, that we carry about with us—over whatever difficulties of country, or at 
whatever expense, or destruction of horse-power—a quantity of dead weight, not required 
to resist the explosion of the powder in its useful effects, but merely to provide inertia to 
bear its recoil. Now, it surely does not admit of contest, that recoil may be absorbed by 
elastic forees as well as by inertia,—by compression as well as by weight; and that elastic 
resistance may be increased as the caliber increases, without corresponding weight in 
the equipments. Nor can it be doubted, that practical ingenuity can devise the means of 
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connecting guns and gun-carriages, through the intervention of such compressible mate- 
rials as shall admit of this being realized, without sacrifice of simplicity or effectiveness 
in the gun. If this be done, the gun-carriage need not seriously increase in weight; and 
if applied to wrought-iron guns, whose weight for equal caliber and equal strength shall 
be much under that of guns of bronze or cast-iron, as much weight may be saved in the 
gun as, added to the equipments, may leave the entire gun no heavier than at present, and 
yet give all that is demanded in resisting recoil. 

The experiments given in the text indicate, that with guns much shorter than existing 
models, but with gun-cotton ammunition, equal ranges may be obtained; or, with elon- 
gated shot and equal charges, greater ranges; but to give resistance for such a mode of 
firing, wrought-iron is the only material fitted for the gun itself. Ultimately, then, we 
may look forward to the introduction of wrought-iron field-guns mounted on carriages 
constructed to receive and absorb the recoil by elasticity, instead of the old and barbarous 
expedient of mere weight, and adapted, in length and contour, to gun-cotton and elongated 
shot, with minimum windage, and of enlarged caliber,—perhaps all 18 or 24-pounders,—yet 
which shall have no greater element of difficulty in their transport or working, than shall 
be inevitable to the carriage of an increased total weight of shot; and even this weight 
would not increase quite in the ratio of D® to D over that for existing guns,—for the ad- 
vantages in the field to be anticipated from such power would, no doubt, reduce the quan- 
tity of ammunition, or the number of rounds requisite for a given object, considerably. 

The advantages in view would be, all those that the French field-train has already 
derived from the Emperor’s reform, carried out and extended: the power of throwing 
shells and shrapnells of a size and weight to be really effective—the only point, perhaps, 
in which the French 12-pounders are found deficient,—increased range—increased accuracy 
of fire—and the capability of employing such field-guns, upon emergency, as effective 
instruments of demolition against places of strength, from the increased inertia of motion 
of their heavy shot. 

Something might be set down, also, in favour of wrought-iron field-guns, to the small 
value of the material, and, as proposed being mounted, to their lightness and the facility 
of detachment from the gun-carriage, rendering dismounting and disabling the gun more 
rapid and complete, capture less valuable as well as less easy, and setting free an enormous 
capital, now laid up idly in the bronze guns of European powers. 

The relative advantages and disadvantages of any projected change in field artillery 
involves so-many contingent circumstances, each demanding separate and careful consi- 
deration, both as to its own effect and its relation to every other part of a complex system 
or machine, that the views thus attempted to be sketched within the limits of a Note 
must leave the subject most imperfectly treated, and liable to much objection. I would 
respectfully commend, however, to professional military readers, the primary idea, of the 
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practically carrying out the consequences of taking up recoil in field-cuns, not by inertia, 
but by elasticity, as productive of future results, in connexion with wrought-iron guns 
and improved ammunition, likely to revolutionize our existing field artillery. 


Nore U.—(Secr. 270.) 


Tue American Reports contain some interesting accounts of their methods of proving 
musket barrels by water pressure; but there are no systematic results as to the relation of 
resistance to fluid pressure from within, to diameter and thickness of metal. 

The experiments of Lieut. Hagner, U.S. A., indicate that the best musket barrels will 
not sustain, without injury, a steady and continued water pressure of above 6400 to 6500 lbs. 
per square inch of internal surface; and, taking the section of resisting metal from the 
thinnest part of the barrel exposed to the pressure, the strain per square inch of section 
of wrought-iron due to this pressure is about 25,500 lbs. So that, even on these thin 
cylinders, the rupturing strain is much below that of direct tension, which, for the iron of 
these barrels (Salisbury, U.S.), is given at 66,000 lbs. per square inch. 


Note V.—(Srcr. 271.) See Note T. 


Note W.—(Secr. 282.) 
Resistance of Cylinders to Fluid Pressure from within. 


For the following original investigation I am indebted to my learned friend, A. 8. Hart, 
Esq., LL. D., Fellow of Trinity College, Dublin, whose attention was directed to this subject 
by my questioning the correctness of Professor Barlow’s deductions from his own theory, and 
stating to him (though imperfectly and incompletely) my own views as to the effects of 
distance from the axis upon the effective resistance of any given lamina. 

With his permission I place it in this Note, and gladly avail myself of the opportunity 
of acknowledging the advantages I have derived, on this and other subjects, from his great 
mathematical ability. 

“The cylinder may be considered as consisting of a series of cylindrical lamine, the 
inner of which is extended by the pressure of the fluid, part of which pressure is sustained 
by the resistance of the first lamina, and part transmitted to the next, and so on. 
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‘“«Tf the cylinder be conceived divided by a plane, it is evident that the force which 
tends to separate its portions is proportional to the area of this plane, and is a maximum 
where the plane passes through the axis; and the same is evidently true of each of the 
cylindrical lamine. 

“Let o be the radius of any of these cylinders, and 2P the corresponding force, the 
length of the cylinder being unity. Also, let 9 +8 be the radius of the same cylinder 
when extended, then (according to the common theory), 


saya oy (1) 


‘« Acain, let two consecutive sides of the cylinder subtend at the axis, the angle 0, the 
portion of the lamina included between these sides sustains a pressure PO, and its original 
thickness having been dp, and its thickness under pressure dp — dd, we will have (according 
to theory) 
dé 


ie (2) 


P0=-k'p8 ua or P=-ko 
dp 


“ Multiplying the sides of this equation by those of the preceding equation, we get 
PdP = kk'8d8; (3) 
therefore, 
P? =kk (© = A*), 
(A being the value of 6 at the outer surface of the cylinder, where P = 0); and eliminating 
P between the equations 2 and 3, 
a__f de 
V (eA) kino 
and, by integration, 
d+ ¥(8-A*)_/o \W/> 4 
Sp a 4) 
(R being the radius of the outer surface of the cylinder). 

* But if » be the radius of the inner surface, and fl the pressure of the fluid on the unit 
of surface, the value of P for the inner surface will be I; and, substituting this value in 
equation 3, we have 

I??? = hke (8? Ea A’) (5) 
(8 being the value of 8 at the inner surface) ; and eliminating A between equations 4 and 5, 
we get 


a Bea = 
v= ie ‘ R are ~ (6) 
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, oe), : 
and if m be the greatest value of— which the metal can bear without fracture, we get for 


the corresponding pressure, 


a z 
eS i Gee ae 
=m V kk . Ler (7) 


“ This conclusion depends upon the following admissions:—First, that the extending 
force bears a constant ratio & to the extension; secondly, that the compressing force bears 
a constant ratio 4’ to the compression; and, thirdly, that fracture only occurs when the 
extension has exceeded the limit m; but it remains still to be proved by experiment whe- 
ther the resistance to extension is diminished or increased by simultaneous compression in a 
transverse direction, and vice versa. Judging from the fact, that the extension of a piece of 
India-rubber produces a visible compression in the transverse direction, and vice versa, it 
seems probable that the effect of either of these forces must diminish considerably the power 
to resist the other; and, if this be so, the resistance of the tube will be lessened; it is, also, 
conceivable that a very great compression might of itself produce fracture, i.e. disintegration, 
without any extension; or might (before reaching the crushing limit) make the material 
more easily broken by a transverse tension. 

‘« Supposing these objections (which apply to all the common formule for strength of 
materials) can be disposed of, that k = k’, the expression for II assumes a very simple form :— 


n= mk a +. them. (8) 

“As respects gun barrels, it should be remembered, that the transmission of the strain 
from the inner to the outer surface of a thick barrel occupies some time, which may, 
perhaps, be sufficient to make a sensible increase of strength, by retarding the entire effect 
until the ball has had time to leave the gun; and that this same cause may produce a great 
increase of the compression of the inner surface at the first instant of the shock. 

“In estimating the strength of tubes, it is not necessary to consider the fact, that fracture 
usually takes place along one side first; it is possible that the opposite side may have pre- 
cisely the same strength—in which case they might yield together. 

“On the Effect of Fluid Pressure upon the Tube.—1°. Let the tube be supposed in 
its original state free from any strain; let 7 and R& be the radii of its inner and outer sur- 
faces, and let a pressure of /’ tons per square inch be applied to the inner surface: the 
effect of this pressure will be to extend the inner shell, and thereby cause it to press with 
a force #” on the shell next to it, and so on to the outer surface. Now, if # be the radius 
of the inner surface of any of these shells, and «+dz the radius of its outer surface (the 
shell being supposed indefinitely thin), and if f,/’ be the corresponding pressures, the internal 
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force on each unit of length of the tube, tending to split this shell into two semi-cylinders, 
is 2fv, and the forces which resist this are 2/’ (« +d) plus the tenacity of the material. 
Let this latter force be supposed proportional to the extension, and let 6 be the increase 
of the radius # produced by this extension; then, since the extension of the circumfe- 
vence, divided by the circumference, is equal to the extension of the radius, divided by 
the radius, the resistance at each extremity of the diameter, along which the tube is sup- 


posed to split, will be us dz (the value of k is immaterial, as it does not appear in the final 


result); and the condition of equilibrium will be 
2fa = 2f (w+ dx) + 2k © aes 


or, if 
fe=P, f (a+dz)=P+dP, 


the equation becomes 


dP +h<de=0. (9) 


« But it must be observed that this shell can only communicate pressure to the next one 
by virtue of its resistance to compression in the direction of the radius, and that this resis- 
tance may (according to the common theory) be assumed to be proportional to the com- 
pression, that is to say, since de was the original thickness, and d (+8) the thickness 


4 : : dé Auk ‘ 
under pressure, the resistance is proportional to - —; therefore, if k’ be the exponent of this 


dx 
ratio, 
12 dé 
ea 10 
or da 0) 


‘ From these two equations P and 6 are to be determined; multiplying them, we have 
PdP = kk ddd, and integrating, 
P? = kk (8 - A), (11) 


A being the value of 8 at the surface, which is free from pressure. It is not necessary to 
suppose k=’, but the calculation will be abridged by the supposition; and eliminating ¢ 
between (9) and (11), we have, on this supposition, 


dP f(P2+k? A?) 
Ege IA 9G, 

dx x 
and, by integration, 


v (Pts kt At) =P +=, 
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(c being a constant introduced by integration). But since, when x= P, P=0, the equa- 


tion will, in that case, become 


pees 
c 


and, eliminating ¢ by means of this equation, we find 


kA/(R « 
P= —=(—=- 
2 (= *) 
A kA/(/R ene: 
But when x=7, P= Ir, therefore Bras =e) and eliminating kA between these 
equations, 
R-2 + 
wp eae 2 
P By Re- 7 x’ (12) 
also, 


ko dP Re+ 27 1? 


a de  F-7 3g?’ 


and since this is the measure of the extending force on each square inch of the material, it 
must not exceed a certain limit, 7’; but it is evident that it is greatest when ~ is least, that 
is, when w= 7; therefore the greatest pressure which this tube will bear is given by the 
equation, 


“«TI°. Let it be supposed that the pressures of the different shells were originally so pro- 
portioned, that when the greatest internal pressure is applied, the tension 7’ =48 shall 


be uniform throughout the tube; then by equation (9) dP + Tdz =0, and integrating 
P=T(R-x), (13) 


; ey ; : 
and the internal pressure /’= = (R —7r) is greater than the pressure corresponding to the 
same tension in the first case, in the ratio of R?+7?: Rr+7*. 
“JII°. To find the original distribution of pressure which leads to this result, we must 
suppose the internal pressure #' removed, or (which is the same thing) apply a pressure 
R-r 


i 


-F=-T 


Then, by equation (12), if p be the resulting value of P at any other surface whose radius is 
a, we have 
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ay ate pee ahs 


te es = Rir @ 


and uniting this with the value of P, given in equation (13), we have the original condition, 


2—7 
«[V°, To find the pressure on each shell during the construction of the tube, before 
the outer shells have been put on, we must suppose the pressure = 0 at the outer surface of 
the shell last put on, whose radius we may represent by y; therefore, we must apply at this 


surface a pressure, such that 

-r 
YR a’ 
to counteract that given by equation (14), and we must suppose the pressure = 0, as before, 
when « =r; then substituting, in equation (12), y for 7 and 7 for R, and the above value of 


P for Fr, we have 


p=-T(R- 


n2 _ m2 2 2 
po erkes aye! LEM SE ee Serer ph- y) R (9? - 2°) 


Te ry (Re r)(rtya’ 
and, uniting this with the value given in equation (14), 
x TRG + aT 
and 
hé dP R (a? - ry) : 
— =-—- — = | —__—-. i 
x du a aw (rt+y) 78) 


“ The practical construction of a tube on these principles is immediately derived from 
equations (13) and (16). Thus, if it be required to construct a tube capable of sustaining 
a pressure double of the tenacity due to the material, we must make P= 27, or R-r=2r; 
that is, the thickness of the tube must be equal to its internal diameter, and, in order to 
produce the required pressures on the successive shells of which the tube consists (the num- 
ber of which theoretically should be infinite) it would, perhaps, practically be sufficient to 
divide the thickness into four (or a greater number) of equal parts. In this case, if the 


inner radius be 7, the outer radius of the first shell would be 3 of the second = of the 
third xr, and of the fourth 87=R. Then, to find the mean tension of the second shell, when 


first put into its place, and before it has been enveloped by the third, we must substitute, in 


equation (16), the values R =37r, y=27, w= tes 
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whence the mean tension 


The total thickness of the tube in this example is very great; but it will sustain a pressure 
more than double of that which would burst the thickest tube that can be constructed in one 
piece of the same material, provided the calculated distribution of pressure be not altered 
by inequalities of temperature when the tube is in use; for it is evident that if the inner 
surface be made very much hotter than the outer, the original inequality of pressure will be 
thereby increased; and this might be extended so as to split the outer surface without the 
application of any other force from within.” While, on the other hand, any required in- 
equality of temperature may be allowed for in the first instance in proportioning the succes- 
sive tensions of the shells or rings, a thing impossible in a tube constructed in one solid 
piece. 

Again, if an example be taken of a cylinder sustaining a pressure of 6 tons per square 
inch, and that the maximum strain on the metal shall not exceed 8 tons per square inch, 


the requisite thickness will be R- r= 3 7; and let this be divided into four concentric rings, 


: 3 > : SED 3 
each of the thickness—7; then, before any pressure is applied from within, the tensions 


16 
should be— 
Of the outer ring . . . 1-840 tons per square inch, 


Ofthe secondring . . . 0-937 ” ” 

and the compressions of the two other rings— 
Of the third ring, . . . 0:366 tons per square inch, 
Of the innerring, . . . 2410 Fr 5 


But for the purposes of construction it is necessary to compute what the strain on the two 
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inner rings is before the third is put on, and, again, what the strain on the third is before 
the outer one is put upon it. These are found to be— 


The strain of the second ring upon the first, . . . . 0:93 tons per square inch, 
+ of the third ring upon the first andsecond, . 1:49 5 5 
- of the fourth ring upon the three inner ones, 1:84 rp A: 


Let it be assumed that a strain of one ton per square inch results from a difference of tem- 
perature of 16° Fahr. in a thin hoop, placed hot upon asolid cylinder of cold cast-iron, then if 
the thickness of two superimposed rings be the same, it is obvious that the inner one will 
be compressed, as much as the outer one is extended. ‘The strain on each, therefore, will 
only be half a ton per square inch. So that the difference in temperature at the moment 
of superposition of the first and second rings should be 29°76 Fahr., and the same diffe- 
rence of temperature would very nearly answer for each of the other rings, which results 
in the simple rule, that each ring should be put on at a temperature of 30° above that of 
the preceding ones. 

The larger the diameter of the gun, the less injuriously will it be affected, upon this 
construction, by the inequality of temperature produced by firing hot shot or by quick 
firing. Ifa greater maximum pressure per square inch than that above taken be demanded, 
and that still the maximum strain upon the metal shall not exceed 8 tons per square inch, 
the increased thickness is readily found. If it be 20 tons pressure per square inch, the 
thickness must be = 2°57; if 40 tons, = 57; and soforth—the temperatures of the successive 
rings being calculated as before. 


The latter part of the preceding calculations, it will be observed, proceeds upon the 
conception that the physical conditions of the metal of the cylinder (iron) are such as 
to give rise to a strain of 1 ton per square inch for every 16° Fahr. difference of tempe- 
rature, in accordance with the books of physical writers (e.g. Dixon on Heat, sec. 85). 
The error of this conception has been pointed out in the text, as well as the extreme faci- 
lities of practically fulfilling all the requisite conditions of theory, in cylinders thus built 
up, which the actual physical constitution of wrought-iron confers. In fact, its ready power 
to become stretched, at temperatures above a bright-red heat, at once avoids all difficulty 
as to the precise temperature at which each ring is to be superimposed, and as to mathe- 
matical precision in their respective diameters. The process in practice with rings varying 
from 36 inches up to more than 70 inches diameter, and of various thicknesses, from 2 inches 
upwards, and of different widths, from 24 inches down to 4 inches, has, in fact, been 
actually found to be attended with as little difficulty as the shrinking-on of the tyre of a 
railway wheel. 
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Notre X —(Secr. 286.) See Notes K. and W. 


Nore Y.—(Secr. 289.) See Note W. 


Nore Z.—(Secr. 305.) 


I reprint the following two Reports nearly in evtenso, not for anything of value which 
they convey, but to demonstrate three things:— 
1°. How little real knowledge and competent judgment have yet been brought to 
bear, even from “authority,” on the question of the advantageousness, or 
the contrary, of wrought-iron guns, as applicable to present times. 
2°. To enable presumedly competent parties, who were decidedly hostile in view, 
to state fully all they were able to advance against the adoption of wrought- 
iron guns, in order that my readers may fairly judge, one of the main questions 
I have treated, having both sides before them. 
3°. To corroborate, by the facts of these Reports, the statements of the text, as to 
the reality and magnitude of the difficulties inseparable from every attempt 
to construct wrought-iron ordnance by welding up into heavy single solid 
masses. 
“ UniTED STaTES GOVERNMENT. 


“ Bureau of Ordnance and Hydrography, 
* April 2, 1844. 

‘ Str,—In reply to your letter of the 28th ult., transmitting a call from the House of 
Representatives, for information respecting the strength, utility, and cost of wrought-iron 
cannon, and the result of the experience of European powers on the subject, which may 
be in the possession of this Bureau, I have the honour to submit the accompanying papers, 
marked from Nos. 1 to 4, viz.:— ‘ 

“No. 1. Captain R. F. Stockton’s Report of his gun practice, with his wrought-iron 
gun, at Sandyhook. 

“No. 2. Report of inspection of the first gun, by Commodore Wadsworth. 

“No. 3. Captain Stockton’s Report of proof of gun. 

“No. 4. The cost of each of the wrought-iron guns, made under the superintendence 
of Captain Stockton, so far as paid for by this Bureau. 

‘Our information in regard to wrought-iron cannon is very scanty. Tonsard tells us, 
in a note to page 190, volume first, ‘ Artillerist’s Companion,’ that ‘in 1776 an iron gun was 
forged by Mr. Samuel Wheeler, an eminent artist, still living (1809) in the city of Phila- 
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delphia. It was intended, at first, as a 4-pounder, but was only bored for a 3-pounder. 
This gun was taken at the Battle of Brandywine, and is said to be now in the Tower of 
London.’ I believe this is the only guu of which we have any record in this country, as 
haying been used in actual warfare, and, as it appears, with success. The next account of 
the manufacture and proof of wrought-iron guns in this country is found in the Report of 
a Board of Officers of the Army, as follows :— 

««« A G-pounder wrought-iron gun, manufactured by R. and S. Hunt, anchor makers, 
was tried at Watervliet Arsenal, in 1832. This gun was fired two proof charges, and 
forty rounds service charges. At the eighteenth fire the band which held the trunnions 
slipped off, and had to be replaced. After the forty rounds, the gun still remained ser- 
viceable. The greatest enlargement of the bore was found to be 0:04 inches, which is 
more than double that of any of the brass guns proved lately; from which we may infer, 
that if all difficulties were overcome, and a complete iron gun made, it would have no great 
advantage over bronze, as regards its durability. It is understood that these same manufac- 
turers failed in making other wrought-iron guns. 

«¢ Although a proof-gun can be made when the metal is selected with great care, and 
the fabrication carefully watched, yet, in fabricating them on a large scale, it will be im- 
possible to take the precautions necessary to insure the perfectness of all these numerous 
welds. The smallest crack would contain moisture, which would produce oxidation; and 
this would, in time, destroy the gun. The Board do not think it necessary to incur further 
expense in testing this material.’ 

“ Again, says this Report—‘ Guns of this material (wrought-iron) were the first used, 
and they have been tried at various periods, since the first invention of gunpowder, and 
always without success. 

«The first and greatest objection is the difficulty of welding the parts together per- 
fectly, and the still greater difficulty of determining whether the welds are perfect or not. 
In the account of a wrought-iron gun, tried at Toulon in 1795, it is stated, that after the 
gun was broken up, the cascabel and trunnions were found to be held only by a portion of 
the faces which touched. Three-fourths of these faces showed the effects of rust.’ 

“Tt appears from most authorities that the art of casting guns was esteemed a great 
improvement upon the more ancient art of forging them, and, whatever may have been 
the cause, immediately superseded the latter. The cause may have been the vastly dimi- 
nished cost of the cast-iron guns, or the facility of manufacture, or the opinion of greater 
security and certainty in the use; or, probably, the combination of all these. Certain it is 
that the forged guns went entirely out of use. (For the true causes of this, and correct 
dates of the change, see Note B.) 

‘¢ Several accounts of these forged iron guns are given by writers on artillery. Tonsard 
says, page 168, vol. i—‘ There are at present (1809) on the ramparts of Narbonne two 
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old pieces, composed of iron bars, applied lengthwise, and encircled with strong iron hoops 
transversely, the whole soldered together. ‘They are not much altered, although they 
have been neglected for a long time; but the rust has injured them most in the points of 
junction, and made these more apparent. It is probable that if, at the time when they 
were made, the arts had been as far advanced as they are at present, they would still be 
fit for service. 

“«New attempts have lately been made in France, at Guerigny, Department de la 
Nievre, and in Spain, at Cevada, New Castile, to construct such guns, and they have been 
crowned with success. But at first, when compared with cast-iron guns, wrought-iron 
heavy ordnance would have been attended with considerable expense, as well from the 
price of metal as from the attention which their fabrication requires; and secondly, the 
enormous consumption and want of cannon at that time (1794) compelled a recurrence to 
the most expeditious and least expensive proceedings—therefore, to confine their fabrica- 
tion to cast-iron. However, they (i.e., wrought-iron) are not half as expensive as brass 
guns.’ 

“It may be remarked here, that Tonsard was strongly in favour of experimenting upon 
wrought-iron cannon, with a view to their introduction into the service of the country. 
He observes, however, of cast-iron, ‘that ifit was by some means possible to produce a more 
perfect melting of the iron, cannon cast of this metal, with an equal thickness, would be 
stronger, more durable, and lighter than brass cannon,’ page 198. He gives the preference, 
however, to brass cannon, because these are they ‘the service of which should present most 
security.” 

“Grose, in his ‘ Military Antiquities,’ vol. i., page 381, says, that cannon ‘ were, in 
general, constructed of iron bars soldered, or welded, together, and strengthened with iron 
hoops; others were made of plates of iron rolled up, and fortified with iron hoops.’ He 
speaks of several ‘at Woolwich, one belonging to Pooley, Esq., in Suffolk;’ and ‘also 
several of those hooped guns in the Isle of Man, England.’ Bombards were at first chiefly 


made of hammered iron; but, in process of time, many were cast of that composition 
named bell or gun-metal. They were also sometimes made of plates of iron and copper, 
with lead run between them. One of these guns was taken up on the coast of Ireland. 

“ That wrought-iron guns, constructed of iron bars hooped together, were used very 
generally, we know from the specimens yet preserved, and the facts of history. James II. 
of Scotland lost his life before Roxburgh Castle, by the bursting of one of these guns. In 
1545, a man-of-war, named the ‘ Mary Rose,’ commanded by Sir George Carew, sunk off 
the Isle of Wight, with her whole crew. Three hundred years, nearly, after the accident, 
Mr. Dean, with his diving apparatus, raised a 24-pounder brass gun, and, at the same time, 
some iron guns. ‘The iron guns were formed of iron bars, hooped together with iron rings, 
and they were all loaded, &e.— Wilkinson's Engines of War. 
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«¢ Tn 1813, an engineering company of Lyons, named the St. Etienne Company, proposed 
to the French Government to manufacture all the guns then wanted of forged iron. They 
sent to Paris a specimen 8-pounder, weighing 570 lbs. It was mounted upon a truck-carriage, 
with solid wheels, 17 inches in diameter, and fired with 3 lbs. of powder. The recoil was 
25 feet; with 4 lbs. of powder it was 37 feet. The gun sustained nine rounds without 
injury; but the material was not approved of by the French officers. Other pieces, of the 
caliber of 16 and 24, were made; the mode of fabrication seemed to be this:—Upon a 
tube, formed after the manner of a common fowling-piece, or gun-barrel, bands of iron 
were welded, embracing the tube, but in a direction contrary to that of the fibres of the 
tube, until the requisite size and strength were obtained. The gun was bored out to the 
proper caliber, and the breech-piece screwed in and soldered to its place by silver solder, 
which was esteemed the best. The different bands of iron were welded to each other, 
and to the tube, by blows from the hand-hammer. 

“«« The inventor proposed to employ, in the fabrication of 24-pounders, &e., bars of 
iron 12 feet long by 1 foot 8 inches, which, forged out into skelps, and converted into 
bars thinned off at the side, were welded together over a maundrel, under blows of a trip- 
hammer. The trunnions were welded to one of the (external?) bands. The bars used 
were twisted; and they believed that, as the small arms manufactured were excellent, this 
process augmented the tenacity of the metal by a fourth; and this was their secret.’ 

« But, extending the manufacture on a great scale, could we hope that the metal shall 
always be scrupulously chosen, and that a practised and observing eye shall always watch 
over the degree of heat which the metal ought to have, in order to work to a uniform 

' solidity the prodigious quantity of welding necessary to perfect the piece? When the gun 
is fired, the imperfect weldings will open imperceptibly, and the damps will penetrate the 
fissures, which, after a time, will cause the gun to crack, and form within the bore leafy 
exfoliations, which, retaining the fire, will occasion accidents. In short, the irremediable 
oxidation of the bore, in time of war, will so enlarge it, as to throw the piece out of service ; 
and in time of peace they would require constant painting to prevent this oxidation.” 


The objections to wrought-iron guns are continued thus :— 

“1st. They promptly destroy the carriages by the suddenness and extent of the recoil. 

«9nd. They incommode greatly the troops by the length of the recoil. 

“ 3rd. They will change their range greatly, by the continued and inevitable oxida- 
tion of the bore. 

“ 4th. They enfeeble the ‘moral’ of the cannonier, by the continued apprehension of 
their bursting. 

«Tn fact, these guns often burst, although the first pieces furnished by the Company 
did not always burst. We have thus dealt at large upon the defects of wrought-iron guns, 
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in order to reply, once for all, to the pretensions of an invention which claims to be good, 
and is often represented as new.’ —Aide Memoire, vol. ii. p. 784, &c. Paris, 1819. 

“Some of the Spanish writers speak of wrought-iron guns. Thus, Ciscar, in his 
‘Tradada de Artilleria,’ Madrid, 1829, says:—‘ We do not owe the information that 
wrought-iron cannon of all descriptions formerly existed, to the Chevalier d’Arcy alone, 
but also to many writers. Texier de Norbec, amongst others, treated at length of various 
guns of this kind. From 1666 to 1694, there was one in the Arsenal of Zurich, in Switzer- 
land, of 24 bs. caliber, the constituent parts of which admitted of being dismounted and 
replaced at pleasure.’ 

“¢Jn the Arsenal of Paris are found two pieces—one a 16, and one an 8-pounder, 
constructed of tubes, one within the other, secured by strong bands, and the whole welded 
together; and I am assured that we have in our own establishments two wrought-iron 
guns, light, and of perfect workmanship.’ 

‘“¢ At the Chateau of St. Dizier, a very old piece was found, of a caliber of 20 inches, 
and weighing 7616]bs. The chase was made of wrought-iron, and the chamber and breech 
cast of the same metal. At Harty, also, were some pieces, 12 or 16-pounders, of wrought- 
iron, which do not appear to have been fabricated in the usual manner, with bars, and 
banded, welded together ; nor is the process known. They weigh about 8000lbs.’ 

“ Again—* At Brest is a cannon taken from the English, weighing 7723lbs., 11 ft. 1 in. 
long, and of 6 in. caliber. The bore is made of seven bars of wrought-iron, secured by 
bands of the same metal.’—Aide Memoire, vol. ii. p. 784. 

“Tt appears that wrought-iron guns have been made from the earliest times, and were, 
until superseded by the introduction of cast-iron and bronze cannon, the principal artillery 
in use; that at different periods since the general use of cast guns, efforts to construct 
serviceable cannon of wrought-iron have been made by the principal European powers, 
and that, whatever may have been the cause, they have not been again employed in active 
warfare. The inference is, therefore, although no further information than the foregoing 
is in the possession of this Bureau, that they have not been used, for good and sufficient 
reasons. 

“The two wrought-iron guns on board the steamer ‘ Princeton,’ being the only guns 
of that description ever used in the Navy, no opportunity has been afforded this Bureau of 
ascertaining the relative strength and utility of wrought and of cast-iron cannon. 

“ All of which is respectfully submitted. 


“TJ have the honour to be, very respectfully, Sir, 
“ Your obedient servant, 
“W. M. Crane. 


“ Hon. John Y. Mason, Secretary of the Navy, 
Washington.” 
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Extracts from the Report of the Committee on Naval Affairs, to whom were referred certain 
communications from the War and Navy Department, on the subject of large Wrought- 
Iron Guns; and, in pursuance of the duty assigned them by the House of Representatives, 
submit the following Report :— 

“ Ordnance Office, Washington, April 5th, 1844. 

“ Str,—In reply to the resolution of the House of Representatives, calling for infor- 
mation as to what experiments have been made by officers of the War Department, for the 
purpose of testing the strength and utility of cannon manufactured from wrought-iron ; 
specifying such particulars as may tend to show the relative strength and utility of 
wrought and cast-iron cannon, together with copies of all Reports from ordnance or other 
officers on this subject, and such other information connected therewith as may be con- 
sidered useful ; as also the experience of European powers on this subject; and particularly 
the largest size to which wrought-iron cannon for solid shot have been carried with 
success ; and likewise the expenses of the experiments, and to whom the money was paid: 
I have the honour to report—That the only experiments for the purpose of testing wrought- 
iron guns recorded as having been made by this Department, are, the trial of two 6-pounder 
guns at Washington and Watervleit Arsenals, in 1832, and the eaperiments now in progress, 
but not completed, at Fort Monroe Arsenal, with some guns of the same caliber. 

“Jn the experiment at Watervleit Arsenal, the gun was fired twice with a proof charge, 
and forty times with service charges. 

‘«¢ The band which held the trunnions slipped off at the eighteenth round, and the firing 
had to be stopped to replace it. After firing the forty-two rounds, the gun remained ser- 
viceable, but the enlargement of the bore was found to be as much as -04 inch, which is 
more than double that of the bronze guns now made. ‘This enlargement of the bore is the 
greatest objection to bronze artillery, and would soon render a gun unserviceable; and, so 
far as this experiment goes, it tends to prove that wrought-iron has no advantage over 
bronze in this respect, and, consequently, no greater durability. The particulars of this 
experiment, and of the mode of manufacture pursued in this instance, will be found in the 
Report of Major Talcott, and the accompanying statement of the manufacturer, copies of 
which are enclosed herewith. 

“ The trial at Washington Arsenal consisted only in firing proof charges, which left 
the bore of the piece in a condition unfit for service, by opening the seams, or welds. 

“ By direction of the Secretary of War, some 6-pounder guns have been manufactured, 
in 1843, according to a new method, which is not divulged, at the same price as bronze 
guns, and promising to unite the advantages of wrought with those of cast-iron. ‘These 
guns are now at Fort Monroe Arsenal, where experiments to test their strength and dura- 
bility are now in progress. They are not, however, completed; and, although of those 
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tried, one failed at the 150th fire, by the trunnion band becoming loose, and another, at 
the 450th fire, by the opening of the welds, the results, so far, are not sufficient to warrant 
a definite conclusion as to the merits of this mode of fabrication. So far as it has been 
tested by this Department, wrought-iron has not proved a good material for the manufac- 
ture of field-guns ; and as the difficulty of fabrication increases with a greater quantity of 
metal, it is less suitable for those of a larger caliber. The greatest objection, and appa- 
rently an insurmountable one, is the difficulty of welding the parts together perfectly, and 
the still greater difficulty or impossibility of ascertaining whether the welds are perfect or 
not. Besides, the effect of heating is to render the iron more porous, and of less specific 
gravity and tenacity ; and, when often repeated, is known to destroy the good qualities of 
the best refined iron. When the bars are of small size, as in gun-barrels, the hammering 
compresses and re-unites the particles, and corrects these defects ; but in large masses the 
effects of the hammer do not reach the interior of the mass, which is, consequently, left 
open and spongy, although the metal on the surface, and to a slight depth, is compact and 
fibrous. 

“The objects attempted to be gained by the use of wrought-iron for cannon are— 
1st, lightness; and 2nd, strength. 

“ Ist—Reasoning from the successful use of that material for small arms, it has been 
supposed that a skilful and careful fabrication would effect these results. But lightness, 
below a certain ratio, is not desirable ; it is positively injurious, for light guns can be used 
only with light charges. Field-guns cannot be conveniently served when they have less 
than 150lbs. of metal to each pound of shot; and battering-guns require at least 200|bs. 
of metal to each pound of the shot. With any less weight, the service of the gun is very 
difficult, from its excessive recoil ; therefore, lightness is not a desirable point in the con- 
struction of cannon[? ]. 

*2nd.—Strength. As this is always desirable, it should be effected if possible, but not 
at the expense of any other important point. If it were possible to fabricate sound and 
strong guns of wrought-iron, they would be found deficient in hardness. The projectiles 
used are of cast-iron, a material much harder than wrought-iron ; consequently, the 
wrought-iron gun is soon indented and worn so much as to prevent all accuracy in firing, 
and it then is worth little or nothing[ ? ]. 

‘ Leaden balls are used in small arms, but they are inadmissible in cannon, as the great 
heat of the exploded gunpowder melts the lead more or less, and changes the form of the 
ball, thereby reducing its range. Besides, lead has not sufficient tenacity to enter hard 
substances, and therefore is not a suitable material to be used against ships and batteries. 
Wrought-iron is also more liable to injury from rust, than bronze or cast-iron ; and the 
smallest crack, admitting moisture, would, of itself, in time, seriously injure the gun. The 
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first-cost of wrought-iron cannon is the same as that of bronze[?], and more than six times 
that of cast-iron. Bronze guns, it may be further remarked, after being too much worn 
for service, can be easily recast, whereas the old wrought-iron is useless for refabrication, 
and of little value in such large masses for any purpose. 

“In regard to the experience of European powers on this subject, it may be stated 
generally, that the use of wrought-iron, as a material for cannon, has been attempted in 
Europe repeatedly, without success, from the invention of fire-arms to this time. The 
cannon of small size have succeeded better than large ones; indeed, there is no known 
record of a wrought-iron gun for heavy shot proving satisfactory[?]. The works of European 
writers on artillery abound in notices of wrought-iron cannon, of dates of manufacture 
extending back from the present century to the remotest periods of their use. 

«Frequent instances of accidents from their bursting are mentioned, and they have 
never been successfully manufactured on a large scale. Meyer, in his work entitled, 
‘Experiments in the Fabrication and Durability of Cannon, both Iron and Bronze,’ 
edition of 1834, says :——‘ It is certain no experiment in artillery has been so often unsuc- 
cessfully repeated and abandoned as the fabrication of wrought-iron cannon ; and even at 
this time we are but little further advanced in it than at the beginning.’ And Gassendi, 
in his ‘ Aide Memoire d’Artillerie,’ edition of 1819, condemns the use of wrought-iron for 
the manufacture of cannon entirely. Herewith are submitted extracts from different 
writers, containing a chronological history of wrought-iron cannon, and remarks on the 
use of this material for their fabrication.” 


These extracts are omitted, as a much more complete chronology of the subject is 
contained in Notes A and B. 


“In regard to ‘the relative strength and utility of wrought-iron and cast-iron cannon,’ 
the former having been already noticed, it may be stated, in reference to the latter— 

“ First,—As to the strength. Cast-iron is of so many different qualities and kinds, and 
so variously affected by different modes of fabrication, that it is impossible to speak of the 
strength of cast-iron guns generally. Itis known, however, that by careful attention to the 
selection of the metal, to its treatment in the furnace, to its proper distribution throughout 
the body of the gun, in relation to the force exerted on its different parts, by the discharge, 
to its gradual cooling after being run into the moulds—in a word, to all the manipulations 
connected with its manufacture, and not so severe a proof, as to strain or weaken the 
cohesion of the particles, cast-iron guns, sufficiently light for siege, sea-coast, and garrison 
service, may be made, the use of which, with full charges, will be safe for at least one 
thousand fires. But although the practicability of making good and safe guns of cast-iron 
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is believed to be an established point, it must be admitted that it requires a constant 
supervision and vigilance, which can only be obtained by means of a foundry under the 
entire control of the Government, or the employment of a skilful practical officer, to attend 
at the private foundries during the whole process of fabrication.” 


The latter appears to be the arrangement in habitual use up to the present time, in 
procuring, by contract, the United States ordnance. 


‘« Secondly,—As to utility. In former times, it was supposed that bronze only was 
suited for heavy guns, both on sea and land ; and it was only after great advances had been 
made in the arts, that the maritime powers of Europe ventured to use cast-iron guns on 
board their ships.” 


We might have supposed that this would have suggested the likelihood of a similar 
career for wrought-iron. 


‘The less cost and greater hardness of cast-iron, therefore, have led to its use for 
artillery ; and when it is considered that six or seven cannon of this material can be pro- 
cured for the same cost as one of bronze or wrought-iron, it will readily be perceived, that, 
if we can fabricate them in such a manner as to render them safe for only one thousand 
fires, they should be adopted on the score of economy, and their accuracy of fire up to the 
period of their being laid aside. Accordingly all the European powers have fabricated 
their heavy guns for ships and batteries of this material, using bronze only for field and 
siege-trains. 

“ The British troops in the Peninsular war on several occasions found their siege-trains 
of bronze speedily rendered unserviceable, and resorted to cast-iron guns ; the superiority 
of which over bronze consisted in their greater accuracy, and being less heated in rapid 
firing, and they are stated to have endured 2700 discharges at St. Sebastian. ‘ These pieces 
had preserved such accuracy of fire, that in the last days of the siege, they were fired from 
a great distance, over the heads of the besiegers at the breach, with sufficient precision to 
reach the besieged behind a high rampart.’ 

“The expenses of the experiments in wrought-iron cannon made at Watervleit and 
Washington Arsenals, consist only in the cost of the ammunition used in firing them, 
which was taken from that on hand at those Arsenals. Nothing was paid for the guns. 
For the experiments now in progress at Fort Monroe Arsenal, the expenses consist of the 
cost of the necessary ammunition, prepared at the Arsenal, and the price of the guns 
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(2100 dollars), which has been paid to the manufacturer, Mr. Daniel Treadwell, of Mas- 
sachusetts. 
« The resolution of the House of Representatives is herewith returned. 
“Tam, Sir, very respectfully, your obedient servant, 
“G. Taxcorr, Lieut.-Col. Ordn. 


“ Hon. William Wilkins, Secretary of War, 
« Washington.” 


It is not unworthy of remark, that the United States Ordnance, which has really done 
more to advance experimentally the art of manufacturing cannon than all the European 
services together, possesses no Government establishments for gun-founding, boring, &., 
whatever ; and one of its most distinguished officers, long employed in the personal super- 
intendence of the execution of Government contracts for ordnance, in private foundries, 
voluntarily bears testimony to ‘the improvement in the quality of cannon, which has been 
greatly assisted by the proprietors of the foundries at which the experiments were made.” 
“« Their practical knowledge of the qualities and treatment of iron, their suggestions, and 
zealous co-operation in all experiments made, and the liberality with which they provided 
all needful facilities for the purpose, have contributed most materially to the success which 
has attended these efforts to improve the strength and safety of cannon.’—Reports, p. 277. 

Can it be doubted that a like, or even a much higher result, would accrue from a 
really candid, liberal, and trustful resolve, to gather and apply to the improvements of our 
ordnance, all that vast accumulation of science and practical skill, which exists in the 
foundries and the engineering workshops of England, but which has so far been systema- 
tically repelled, and often, when volunteered with undeniable success, requited by the 
adoption, whole or in part, of the information or invention conferred, without that just 
acknowledgment which the enthusiastic improver covets above all things. 

Nothing can be more judicious than the formation of those Government gun and other 
foundries, &c., recently set about, as the means (amongst other important ends) of enabling 
officers of the artillery and engineering corps to acquire that practical knowledge which 
existing methods of their education, with the habits and subsequent employments of 
service, render so deficient ; but while ever the gates of our arsenals, or the interior of 
departments, are closed to civil visitants, and the experiments and processes conducted 
therein pretended to be held secret by “ the custom of the service,” and with an unworthy 
jealousy,—so long will ‘ the improvements” of these departments be found far in the rear 
of those of private intelligence, enterprise, and science. 

Secrecy in such matters can answer no end now-a-days but as a cloak to ignorance or 
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inactivity. It is useless ; for universal experience has shown that no secret of the smallest 
value can be maintained within the walls of an arsenal for even six months after its 
value is ascertained. Can a secret military invention of any note or value be pointed to 
at this moment, as in the possession of any one power upon earth exclusively? Not one. 

Ventilation and competition are the very life and spirit of all improvement ; and, in 
place of such an antiquated system of pretended secrecy, nothing would so energize and 
make vital the progress of our military departments, and more especially of the ordnance, 
as the publication in some form of an official journal of its works, researches, and progress ; 
and an annual distinct, detailed, systematic, and scientific Report to Parliament of all that 
has been brought forward (good or bad), whether by communication or importation, of 
invention, experiment, research, or discovery, within the department at home ; and pro- 
gress ascertained, of whatever sort, in the war departments of other countries abroad. 
Whatever of new light such publicity diffused, would be returned with tenfold intensity 
to its source, and need not preclude reserve and silence upon any point (should such 
possibly be ever found) upon which the national welfare would render secrecy for a time 
expedient. 

France, which possesses at once the largest and most important military literature in 
Europe, and reckons amongst her military officers and engineers some of the brightest 
names that adorn the roll of science, is a proof of the value of such publicity—of the 
admission of the principle that science has no secrets, and that its valuable applications can 
have none. There the results of every improvement or invention—every massive research or 
train of experiment, whether at Metz or Toulon—appear speedily in print, and give a fresh 
vantage-ground in common to every working mind, whereon to attempt still further 
progress. How full of stimulus to the slothful—of hope and promise to the zealous and 
aspiring !—how sifting of the chaff from the grain, is such a system of publicity ! 


Nort AA.—(Secr. 305.) See Note Q. 


Nore BB.—(Szcr. 305.) See Note T. 


Nott CC.—(Srcr. 316.) See Note W. 


Nore DD.—(Szecr. 318.) See Note S. 
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Note EE.—(Szcr. 320.) 


Tue following list (which might be greatly extended) of German literature, bearing upon 
our subject, may not be unacceptable :— 


1.—Saltpetre, Gunpowder, §c. 


Alison, G. Chr.—Der Engl. Biichsenmacher (u.Gewehrfabrikant). Od.griindl. Anweis. 
alle Arten von Gewehren, Biichsen, u. Pistolen, nebst Percussions-Sicherheitsschlossern 
u. ubr. Zubehér, nach den neuesten Erfind. u. Verbesser. zu verfertigen. Nebst Belehr- 
ungen ib. die verschied. Arten, des Schiess-u. Knallpulvers. Nachrichten tib. die bedeu- 
tendsten Gewehrfabriken Europa’s, u. dgl. m. Nach. d. Engl., bearb. u. mit mehr Franz u. 
Deutsch Erfind. u. Verbesser. vermehrt. Mit 103 Abbild. 8. Quedlinburg, 832. Basse. 

Bottée u. Rissault.—Anweis. das Schiesspulver zu bereiten. Aus dem Franz, iibers. 
von F. Wolf. Mit 19 Kpl. gr. 8. Berlin, 813. (Reimer.) 

Meineke iib. das Schiesspulver. gr. 8. Halle, 814. Hendel. 

Muncke, Geo. Wilh.—Ueber das Schiesspulver, seine 3 Bestandtheile, die Starke u. die 
Art seiner Wirk. gr. 8. Marburg, 817. (Cassel), Krieger. 

Meyer in Erdmann’s Journal, xiv. 2, fiir technische u. 6konomische Chemie. Mit 
Kpftf. gr. 8. (Leipzig), Barth. 

Prechtl, Joh. Jos—Technologische Encyklopiidie. 12". 

Renaud, B.—Prakt Anweis. zur Fabrikation des Schiesspulvers u. zur Bereit. seiner 
Bestandtheile. Ins Deutsche wbertragen von J. F. Hartmann. gr. 8. Quedlinburg, 
838. Basse. 

Schauplatz, dess. 113 Bd.—A. u. d. T. Handb. der Pulverfabrikation. Nach den 
besten in-und ausliind. Hiilfmitteln unter Beistand eines Artillerie-Officiers aus-gearb. v. 
ein. deutschen Teckniker. Mit 7 lith. (Halb.) Folio-Taf 8. Ebend, 841. 

Salzer, Carl. Fr.—Versuche tib. das Schiesspulver, mit Beweis, wie die Kriifte des Pulvers 
erhoht, u. 3% hievon erspart werden kénnen. Mit 2 Abbild. gr. 8. Karlsruhe, 824. 
Miller. 


2.—Cast-steel Manufacture. 


Haussner, Geo.—Die Kunst Gussstahl, u. Gusseisen, auf Schmiedeisen zu schweissen. 
Fur Eisenwerke, Mechaniker, u. Hisenarbeiter. Aus der Schlosserzeitung abgedr. Leipzig, 
843. Schmaltz. 

Stahl-hiitte, Schisshyttan in Schweden (Sefstromm in Erdmann’s Journal, iv. 1). 
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3.—Iron Manufacture. 


Erzeugung in Deutschland. 

Hasse, Traug.— Die Eisenerzeugung Deutschlands aus dem Gesichtspunke der Staats- 
wirthschaft betrachtet. Nebst Angabe der Ursachen ihrer Verminder. u. einigen Vorschla- 
gen zur Vermehr. derselben. Ein Versuch. gr. 8. Leipzig, 836. Rein. 


~ 4.—Cast-iron; its Strength, §c. 


Gusswaaren der Kurfiirstl-Hessischen Hisenhiitte zu Veckerhagen. (93 lith. B. mit 
viel Abbildgn. u. Titelvign.). gr. 8. Cassel, 834. Bohné. 
Meyer, in Erdmann’s Journal, vii. 2. 


5.—Swedish Smelting Works. 


Winckler, in Erdmann’s Journal, v. 4. 
Winckler, in Erdmann’s Journal, iii. 1. 


6.— Manufacture of Steel. 


Achates.—Aus allem Eisen Stahl zu machen. 8. Niirnburg, 761. Riegel. 

Altmiitter, in Jahrbiicher d. Polytechn. Instituts von Prechtl. 12 Bd. 

Cancrin.— Von der Zubereit. des Roheisens in Schmiedeeisen, auch des Stahleisens in 
Stahl. 8. Marburg, 790. (Cassel, Krieger.) 

Damemme.—Prakt. Handb. der. Fabrikation u. Bearbeit. des Stahls. Nach d. Franz. 
Deutsch bearb. von J. F. Hartmann. Mit 10 Taf. Abbildgn.(in 4). 8. Quedlinburg, 839. 
Basse. 

Ehrenberg, B. A.—Hiilfsbiichl fiir Stahlarbeiter. 8. Essen, 826. Badeker. 

Hagen, T. Ph. v. der.—Beschreib der Kalkbriiche bei Riidersdorf, der Stadt Neustadt- 
Eberswalde, u. der Finnow-Canals, wie auch der dasigen Stahl u. Eisen-Fabrik, des 
Messingwerkes, u. Kupfershammers. Mit vielen Kpf. 4. Berlin, 785. Reimer. 

Halle, Joh. Sam.—Prakt Anweis. alle Stahlarten zu kennen, zu hirten, anzulassen u. 
vernunftig zu bearbeiten. nach Perrets Preisschr. 8. Berlin, 783. Maurer. 

Hartmann, Carl. Fried—Lehrb. der Eisenhiittenkunde, 2te Abth. Die Lehre von dem 
Umschmelzen des Roheisens, u. von Verwend. desselben zur Giesserei, dese]. die von der 
Stabeisen u. der Stahl-bereit enthaltend. Mit 10 Kpfl. (in qu. gr. Fol.). gr. 8. Ebend, 
834. 

Leuchs, J. C.—Samml. neuer Abhandgn. tb. Eisen-Stahlbereitung. Mit Abbild 
verschied. Hochéfen, Schneid-Walz—u. Streckwerke. Mit 1 Steintf. u.8 Holzschn. gr. 8. 
Ebend, 827. 
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Loof, Jams. — Geheimes Kunst-Cabinet fiir Metall-arbieter u. Fabrikanten oder die 
wichtigsten neuesten Engl., Franz. u. Deutsch Entdeckgn. u. Erfindgn. in der Kunst, in 
Gold, Silber, Stahl, Messing, Kupfer, Zinn, Eisen, Blech, &c., auf das geschmackvollste u. 
vortheilhafteste zu arbeiten, u. die verscheidenen Metalle auf das Beste zu den mannig- 
faltigen Gegenstinden zu behandeln, Aus d. Engl. A. u. d. Tit. Die Kunst, Eisen 
u. Stahl nach engl. Methode zu hirten, engl. Guss-stahl u. Feilen zu verfertigen. Fir 
Metall-arbeiter u. Fabrikanten. Ausd. Engl. 8. Quedlinburg, 828. Basse. 

Neue, wichtige, u. sehr niitzliche Mittheilungen fiir Eisengewerke, Eisen-u. Stahl- 
arbeiter, Instrumentmacher, &c. (Von Joh. Giitle). 4. Ebend, 830. (Ebend), Verklebt. 

Overmann, Fr—iib. das Frischen des Roheisens, nebst Anweis. Stabeisen u. Stahl von 
bester Qualitit aus den verschiedenartigsten Erzen zu erzeugen, u. auf die wohlfeilste Art 
zu gewinnen. Nach vielfiltigen prakt. Erfahrgn. dargestellt. Mit 10 (lith.) Kpft. gr. 8. 
Briinn, 838. (Winiker.) 

Perret._Abhandl. von Stahl, dessen Beschaffenheit, Verarbeit. u. Gebrauch. Aus. d. 
Franz. v. J. H. Pfingsten. Mit 1 Kpf. 8. Dresden, 780. Walther. 

Prechtl, in d. Journal Lr. 

Rackebrandt, Aug.—Griindl. Anweis. das Platin zu reinigen u. zu verarbeiten sowie 
Mannheimer Gold (Semilor), u. eng]. Cement-stahl zu fabriciren. Fiir Gold u. Silber- 
arbeiter, Juweliere, Mechaniker, Gelbgiesser, Stahlarbeiter, u. and. Kiinstler. Mit 4 (lith.) 
Taf. Abbild. (in 4). 8. Quedlinburg, 838. Basse. 

Rinmann, S.— Unterricht von Poliren des Stahls u. Eisens. 8. Flensburg, 787. 
Korte. 

Schauplatz, 50 Bd.—Der Schlossermeister, od. theoret. prakt. Handb. der Schlosser- 
kunst. Nach d. Franz. Werke des Grafen v. Grandpré fiir Deutsche Schlosser bearbeitete, 
sorgfaltig revid.; 4 Aufl.; worin alle Beitrage, Verbessergn., u. Zusatze von J. G. Petri, 
C. H. Schmidt, Fr. A. Reimann, J.G. Buch u. F. Rathel, vollstind. beriicksichtigt u. eine 
grosse Anzahl neuer Gegenstiinde u. Abbildgn. hinzugekommen ist. Mit 22 Steindrtf. (in 
qui Fol.). 8. Ebend, (830), 843. 

Verbesserungen u. Erfindgn., 100 neue, in der Bereit. des Kisens u. Stahls u. der Eisen- 
waaren. Auch als Nachtrag zu J. C. Leuch’s Samml. neuer Abhandlgn. u. Erfindg. in 
der Eisen-u. Stahlbereit. Mit 5 Holzschn. gr. 8. Niimberg, 835: Leuchs u. Comp. 

Zeitblatt fiir Gewerbtreibende u. Freunde der Gewerbe. Unter Mitwirkung mehrerer 
Techniker u. Fabrikanten herausgeg. v. Heinr. Weber. 3° Bd. 

Verhandl. des Vereins z. Beférderung des Gewerbsfleisses in Preussen. iv. 

Ebend, v. (2) and xii. 

7.—Cannon-founding. 


Meineke, Joh. Ludw. Geo. —Anleit. zum Guss des bronzirten Geschiitzes. gr. 8. 
Lemgo, 817. Meyer. 
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Meyer, Mor.—Erfahrgn. iib. Fabrikation u. Haltbarkeit des eisernen u. bronzenen 
Geschiitzes. 2". verm. und theilweise umgearb. Aufl. Mit 3 Kpf-Taf. gr. 8. Leipzig, 
(831), 836. Barth. 

Ders. in Erdmann’s Journal u. Schweiger’s Journal fiir Chemie u. Physik, 1-5. 

Miller, Fr. Heinr—Vers m. Bronce u. gelbem Metall in Anseh. des Gebrauchs dess- 
elben, um Kanonen u. Morser daraus zu giessen. Nebst einer Zeichn. eines dazu gehérigen 


Schmelzofens, &. A.d.Dan, v. J. A. Markussen. gr. 8. Copenhagen, 802. Schubothe. 


8.—Fire-arms. 


Struensee, Karl August.—Anfangsgriinde v. Artillerie, 1. 8. Seignitz. u. Leipzig, 
1788. A very complete work. : 

Berger, Frz. Xav.—Kurzer Unterricht iib. die Einricht., Conservation, zweckmass. 
Behandl., u. wirksamste Anwend. des Feuersgewehrs. 8. Wien, 809. Gerold. 

Beroaldo, Bianchini de—Abhandl. iib. die Feuer—u. Seitengewehre ; worin die Erzeug, 
der Zweck, u. der Gebr. aller einzelnen Bestandtheile, dann aller Gattungen kleiner u. 
Jagdgewehre; mit der Angabe u. Beschreib. ganz neuer Maschinen u. Vorrichtgn., sammt 
Plinen u. Erzeugeugstabellen anseinandergesetzt ist. 3 Bde. Mit 38 Steint. or. 4. 
Wien, 829. Gerold. 

Flinte, die, od.—Beschreib. aller Theile des Schiesseewehres, sammt einer Anweis. sol- 
ches zu putzen u. mit Vorsicht zu behandeln, 8. Firth, 817. Korn. 

Schauplatz, 83 Bd.—Die Geheimnisse der Engl. Gewehrfabrikation u. Biichsenmacher- 
kunst, so wie der Erzeug. der verschied. Eisensorten zu den feinsten Jagdgewehren, anf- 
gedeckt u. erlatit. v. Will. Greener. Aus. d. Engl. iibersetz. v. Chr. Hein Schmidt. 2te 
sorgfalt. revidirte, u. mit einem Anh. des Uebersetzers tb. Anfertig. der Militar-u. Jagd- 
gewehre vermehrte Aufl. Mit 6 Steintf. 8. Ebend, (836), 842. 

Gliinder, G. W.—Einricht. u. Gebrauch des kleinen Gewehres im ganzen Umfange. 
gr. 8. Hannover, 829. Hahn. 

Infanterie Ziindhiitchengewehr, das, u. der Nutzen, nebst einer prakt. Theorie des 
Schiessens zum Unterricht. der Mannschaft, bearbeit. von ein. k. bayer Offizier. 16. Passau, 
842. Pustet. 

Prechtl’s Encyclopidie, 6 vol. 

Roux, Joh. Wilh.—Der Gewehrkenner, od theoret-prakt. Anweis. die Jagdgewehre, 
vorziglich die Biichsen zu vervollkommen, ihre Fehler zu entdecken u. mit leichter Miihe 
zu verbessern. 8. Leipzig, 822, Steinacker. 

Schild, Giinth—Deutl. Anweis. ib. den richtigen u. zweckmassigen Gebrauch der 
Jagdflinte. 8. Nordhausen, 824. (Leipzig, Dérflling.) 

Sponemann, A.—Hiilfbuch f. jeden Gewehrbesitzer. Fiir jeden Freund des Schiessens 
und der Jagd. Mit Abbildgn. (auf 1 Bl). 2te Aufl. 8. Quedlinburg (839), 840, 
Basse. 
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Thon, Chr.-F.— Schiesskunst, od. vollstind. Anweis. zum Schiessen, mit der Biichse 
Flinte u. mit Pistolen, sowohl auf dem Schiitzenhofe, als auf der Jagd u. im Felddienste. 
Ein nothwend. Handb. fiir Jager, Schiitzen, u. Offiziere, &c. 2te Aufl. 8. Imenau, 
(822), 824. (Weimar), Voigt. 

Unterricht iib. den Bau u. Gebrauch des Gewehrs. u. der Biichse. Von C. von M. 8. 
Breslau, 813. (W. G. Korn.) 

Versuch tib. du Gewehrfabriken, die Schiesskunst, u. das Jagdwesen. Aus. d. Engl., 
nach der 2ten Ausg. Mit Anmerkgn. v. Gbh. Er. Lp. Timaiis. gr. 8. Leipzig, 790. 
(Reineke.) 

Wolf, Ferd.—Die Verfertig der Handfeuerwaffen, nebst einer geschichtl. Darstell. 
ihrer Einricht. von der Entsteh. bis auf die neuste Zeit. Mit 18 Kpftf (in qu. gr. Fol.). 
gr. 8. Karlsruhe, 832. Groos. 

Wolf, F.—Vollstiind. Berichterstatt. ib. die im J. 1832 u. 1833 gefiihrten ausgedehnten 
Versuche. Mit Militar-Percussions-Gewehren. (Mit 2 Steintf.) 8. Carlsruhe, 833. 
(Néldeke.) 


9.—Rifled Guns. 


Grasshoff, F,B.G.—Kurzer, auf prakt. Erfahr. gegriind. Unterricht fiir Biichsenschiitzen 
ib. die erforderliche Beschaffenheit einer guten Piirsch-Biichse od. sogenannten Stutzen. 
N. Ausg. 8. Breslau, (803), 813. W. G. Korn. 

Hauchekorné, Fr. Wilh.—Lehrbuch der Technologie, od. Beschreib. der Kiinste u. 
Gewerbe. Mit 5 Kpf. gr. 8. Leipzig, 816. Brockhaus. 

Meister, F. L.—Theorie der Zerleg. des Stutzers, des Distanzenschitzens u. Schiessens. 
Den schweiz. Scharfschiitzen gewidmet. 16. Bern, 838. Walthard. 

Schauplatz, 131 Bd—Beitrage zur Kenntniss der Biichsenmacherkunst u. zur richtigen 
Beurtheil. der Schiesseewehre. VonJ. Schmidt. Mit10Taf. Abbild. 8. Ebend, 843. 

Schmidt, P. W.—Die Jager-u. Schiitzenbiichse od. die spiralformig gezogene Biichse 
im Allgemeinen, deren Einricht., Behandl. u. Gebrauch nach dem neuesten Standpunkte 
der Entfindgn. u. Wissenchaften. Mit 2 Kpfl. gr. 8. Halle, 827. (Mihlmann.) 


10.—Percussion and Needle Muskets. 


Kéhnemann, R. H. B.—Regeln iib. der Behandl. des Percussions-Gewehrs. Mit 2 
Abbildgn. des Gewehrs. in Steindruck. gr. 12. Oldenburg, 841. Schulze. 

Perkussions-Infanterie-Gewehr, das Preusische, eine, die Zusammensetz. Behandl. 
Trefflichkeit, den Gebrauch u. den Mechanismus umfassende Handschrift. Dem Soldaten 
zur Selbstbelehr., dem Vorgesetzten zum Leitfaden befm Unterricht seiner Untergebenen 
von einem erfahrenen Kamaraden. 8. Minden, 842. Essmann. 

Freiburg in Verhandl. zu Beforderung des Gewerbfleisses in Preussen. x. 
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The preceding list is not to be understood as aiming at completeness: it merely embraces 
such works as have come under my notice: I omit all French works, as complete cata- 
logues exist of their magnificent military literature. A very considerable body of ordnance 
and pyrotechnic literature exists in Italian and Spanish, of which almost nothing is known 
in England. The works in the former language are chiefly ancient, and historically impor- 
tant; but the scientific treatment of artillery and gunnery, by recent authors, in Spain, 
appears to be in a much more advanced state, than the isolation of their meagre literature 
has enabled us to appreciate. 

It is an unhappy indication of our own neglect and ignorance, that a few months ago 
(perhaps even yet) many of the most important standard works, historical and otherwise, 
in Continental languages, were unknown to us, and not to be found in any of our great 
libraries. General Marion's great work on the History of Artillery was not in the British 
Museum, nor in any other public library in England or Ireland to which I had access; the 
few books on the subject in the Library of Trinity College, Dublin, quite accord with the 
venerable title they are classed under, ‘‘De Machinis Bellicis ;” and almost no modern foreign 
books on artillery exist in the Library of the United Service Institution, London, nor in 
any of the Royal Engineer libraries that I am acquainted with. 

How desirable it would seem to form at Woolwich a complete historical and scientific 
military library, at the public charge, and collect there all that has been written, in every 
language, on the subject of Arms, in the widest sense (not, perhaps, excluding the military 
art as a whole, strategics, &c.), and not only give professional access to it, but permit every 
man, known to be really interested and engaged, in the advancement of any branch of the 
subject, the freest possible admission. The nucleus of such a collection exists already in 
the Library of the Royal Military Academy; and, while the position itself is good, perhaps 
no officer in the Service could be found so admirably suited, by learning, taste, general ability, 
and desire of progress, to direct its formation and control its use, as my friend, Colonel Port- 
lock, R.E., the Commandant. I hope he will pardon my thus venturing, without his sanc- 
tion or knowledge, to connect his name with the idea. 
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IV.—On a new Barometric Formula for Mountain Heights, in which the Hygro- 
metric Condition of the Atmosphere is systematically considered. By Henry 
Laus Renny, MW. RL. A., Lieutenant, Royal Engineers, Retired List. 


Read January 8th, 1855. 


ly the most approved formulz employed in determining the height of moun- 
tains by means of the barometer, we find attempts to make allowance for the 
hygrometric state of the atmosphere, which attempts are as loose as they are in- 
accurate. It is therefore desirable to reconsider systematically the entire question, 
in order to obtain a formula free from the defects of those at present in use, the 
necessity of which cannot-be doubtful to any one who is aware that in the for- 
mula given by La Pxrace and Porsson, the mode of making allowance for the 
hygrometric state of the atmosphere increases, instead of diminishing the error 
whenever the temperature of the atmosphere is below the freezing point; 
which circumstance has already been brought before the notice of the Academy 
in a paper submitted to it by Dr. Apsoun, and published in the “ Proceedings 
of the Royal Irish Academy,” vol. 11. p. 563. 

1. The ordinary method of obtaining the fundamental equation for determin- 


ing the height by means of the barometer, viz. h = ¢ log > in which / indicates 


the height of one station above the other, c a constant quantity, and p, p’ the 
pressures of the atmosphere, which method consists in regarding the heights 
of the stations to vary as the logarithms of the pressures—is mathematically cor- 
rect, and sufficient for practical purposes, so long as the question has reference 
to only one elastic gas, such as dry air; but ina question which has reference to 
a union or mixture of two elastic gases, such as dry air and vapour of water, 
having different elastic forces, it is necessary to employ the integral calculus; 
and the following calculations are made after the method of Porsson, which 
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may be found in Porsson’s “ Mecanique” (Paris edition, 1811, vol. m. book iv. 
chap. v. p. 429), with such additions and modifications as the more correct 
consideration of the subject renders necessary. The method employed by 
Porsson is substantially the same as that employed by La Pace, which may 
be found in the “ Mecanique Celeste.” 


2. Let— 


x be the elastic force of a given mixture or union of dry air and vapour of wa- 
ter, being measured by the pressure to which the said mixture is exposed. 

+ be the temperature of said mixture, measured by Fahrenheit’s thermometer. 

F be elastic force or tension of vapour of water of said mixture. 

p be specific gravity or density of said mixture. 

A be ratio of elasticity to density (also called modulus of elasticity) of said 


° Tv 
mixture, and equal to e 


a be modulus of elasticity of dry air at freezing point. 

z be height above the level of the sea of an extremely thin stratum of a mix- 
ture of dry air and vapour of water, having a temperature 7, and under a 
pressure 7, the elastic force of the vapour of water being /’. 

g be force of gravity at distance z above the level of the sea. 

g be force of gravity at the level of the sea. 

wv be latitude of the stations of barometric observations. 

¢ be half the increase of gravity from the equator to the pole of the earth = 
0°002695. 

r be the radius of the earth = 20898240 feet. 

M be modulus of common logarithms. 

1 be expansion of gas for each degree of Fahrenheit = 0:002084. 

m be expansion of quicksilver for each degree of Fahrenheit = 0:0001. 


Let, moreover,— 


h,h' be heights above the level of the sea of the lower and upper stations of 
barometric observations. 

p,p’ be pressures of the atmosphere at lower and upper stations. 

f,f" be tensions or forces of aqueous vapour at lower and upper stations. 

8,’ be barometric observations at lower and upper stations. 
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T,T’ be temperatures of the quicksilver of the barometers at lower and upper 
stations, as shown by the attached thermometer. 

t,t’ be temperatures of the atmosphere at lower and upper stations, as shown 
by the detached thermometer. 

H =h’ —h be the required height of the upper station above the lower one. 


Now, according to our definitions, we have 


Ne 
nt (1) 


and whereas the mixture or union of dry air and vapour of water is exposed to 
a pressure 7, and that the vapour of water sustain a part of the pressure = F, 
it is obvious that the dry air of the mixture is exposed to a pressure = 7 — F’; 
it is, moreover, well known that the densities of dry air and vapour of water, 
under the same or equal pressure, are to each other as 8 to 5; also that, 
ceteris paribus, the densities of gas vary as the pressures to which it is ex- 
posed. If, therefore, we assume unity to represent the density of the dry air of 


the mixture, we have — to represent the density of the vapour of water 
of said mixture, also 1+ 4. = a to represent the density of the 
mixture itself; but, according to our definitions, this last density is p ; there- 
a—F 
a— ZF 
But the said dry air is under a pressure = x — F, and as the densities of gas 
vary ceteris paribus as the pressures to which it is exposed, we have as an ex- 
pression for the density of the dry air of the mixture under a pressure x the 


quantity Poe at the same time that the quantity p indicates the density 
a= 

of the mixture itself under an equal pressure =, and of the same temperature 7. 
The moduli of elasticity (vide Definitions) of different gases, under equal pres- 
sures, vary obviously as the reciprocals of their densities; therefore— 

1 il —3F 

As erie Lass Ao. 
p x ™ 


PSF 


fore, as = : 1 ::p: the density of the dry air of the mixture =p. 


3M 2 
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But according to our definitions, the modulus of elasticity of dry air at the 
freezing point is a, and, making allowance for increase of elasticity in conse- 
quence of increase of temperature, we have a. {1+/(Z — 32)} for the expres- 
sion of the modulus of elasticity of the dry air of the mixture having a tempe- 
rature 7. Therefore, equating these two expressions, we have 


Aco =a.{1+1(T— 32)} or A=a.{1+l(T—32)}. "oy, 


Substituting this value of A in equation (1) we have 


1 2 
P= aT aT Toa tt Fs (2) 


in which equation p indicates the density or specific gravity of mixture or union 
of dry air and vapour of water, having a temperature 7’, and under a pressure 7 ; 
1, the expansion of gas for each degree of Fahrenheit ; and a, the modulus of 
elasticity of dry air at the freezing point ; and F’, the tension or elastic force of 
the vapour of water of said mixture, having the temperature T. 

3. Let us now suppose a cylindrical column of a mixture or union of dry 
air and vapour of water to exist between the stations of barometric observa- 
tions, and let us suppose Z to express the area or surface of an extremely thin 
stratum of said mixture at a distance above the level of the sea =z, then dz 
is the thickness of such stratum, + Zdz is the solid content of such stratum, 
and — Ldzpg' is the weight of said stratum. Moreover, Lx and L(1+dn) 
express the pressures on the upper and lower surfaces of the stratum, the dif- 
ference of which pressures is obviously equal to the weight of the stratum : we 
have, therefore, L (x + da) — La =— Ldzpg', or dx = — dzpg'. Substituting 
in this last equation the value of p given by equation (2), we have 


Pepi se Gagne hi 
S aiee wena ie re ees 


- a A YAS aey 
But g' =g.——,;; therefore we have, after substitution and modification, 
(r + 2)? 


dx -—gor dz ; (3) 
n—§F ajl +1(T—32)| (+2) 
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Comparing equation (3) with corresponding equation of Porsson’s “Mecanique” 
(vol. 11. chap. v. article 542, Paris edition, 1811), viz. 
dp. =-gr dz 


Pp a(l+ae)” (r+ 2)” 

and recollecting that, in Porsson’s equation, the product ar has the same 
signification as /( 7’ — 32) of our equation, 2 being the number of centigrade 
degrees above freezing point, and a being the expansion of gas for each 
centigrade degree: a being, in Porsson’s equation, as in ours, the modulus 
of elasticity of dry air (the only air considered by Porsson) ; also p having the 
same signification as 7, and the other characters of Porsson’s equation being the 
same asin ours. It appears that, in Porsson’s equation, the denominator p of 
the left-hand side of the equation is too great; by way of compensation, 
Porsson, following the recommendation of La Pracs, increases the denomi- 
nator of the right-hand side of the equation, by increasing the quantity a,— 
making it 0-004, instead of 0-00375, its real value. Now, though this increase 
of the value of a may improve Porsson’s equation, when the temperature is 
above the freezing point, it unquestionably increases the error when the tem- 
perature is below the freezing point, because, under such circumstances, « 
in Potsson’s equation becomes subtractive, and the denominator of the right- 
hand side of Potsson’s equation, instead of being increased, becomes diminished. 
Moreover, the substitution (even when the temperature is above the freezing 
point) of 0-004 instead of 0:00375 is, at best, but a guess as to quantity, and, 
like all guesses, more or less uncertain: hence the necessity of some effort to 
improve the formul given by La Piace and Potsson. 

4, Let us now proceed to integration. In order to do so, we ought to be 
acquainted with the law of variation of temperature of the atmosphere between 
the stations of barometric observations; also the law of variation of the elastic 
forces or tensions of vapour of water between the said stations. In the absence of 
correct information relative to the first law, it is assumed that the temperature 
of the atmosphere between the stations varies uniformly; a mere supposition 
(sometimes true, sometimes far from it). According to such assumption, we have 
to replace the variable ( 7’ — 32), by the arithmetic mean of the temperatures 
of the stations as ascertained by the detached thermometers, that is, to replace 
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G82) (e382) ee ot 
SRE ITE MEER baat. Me 
With respect to the laws of variation of forces of aqueous vapour, it appears, on 
consulting the Table of Forces of Aqueous Vapour in Turner's “ Chemistry” 
(seventh edition, pp. 1248 and 1249), that such forces form guam proxime 
a geometric series, when the temperatures form anarithmetic one. As, there- 


: ; t+t’— 64 
fore, we assume the arithmetic mean a 


(T — 82) by 


to replace the variable ( T— 82), 


we can do nothing better to replace our variable F’ than to assume, as its re- 
presentative, the geometric mean of forces of vapour, viz. (ff’). 
Making such substitutions in equation (3), we have 


dx a2 -—gr dz 4 
a—3/ (ff) 5 ala teg tele, (r+2) (4) 
2 


Integrating equation (4), we have 


7 


hyp. log (w- §/(f") = C1 ——L—. — 
a ep eee ad (7 +2) 


Replacing successively in this last equation the quantity 7, by its values at the 
lower and upper stations, viz., p and p’; z by its corresponding values h and 
(h +H); substituting for hyperbolic logarithms common ones, and subtracting 
one equation from the other, we have, after suitable modifications, 


PP skew a) 
pH) 4 eae com. lop? = 2.) 


fn Mg P'-3V (ff) 


h(h — 


Omitting in this last equation the quantity — as too small to be use- 


fully retained, and assuming KX, to represent the quantity iy we have 


H=K, fee WEE .com. | p —iv (ff) 


2 p'—3B/ 
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We have now to replace p and p’ by their values expressed in terms of the ba- 
rometric observations, viz. Band p’. In so doing, we must make allowance for 
the difference of the specific gravities of the quicksilver of the barometers at the 
stations of observation ; at the lower station the specific gravity of the quick- 
silver is rendered greater than that at the upper station, by the greater power 
of gravity at the lower station. But the specific gravity of the quicksilver at 
the upper station is rendered greater than that at the lower station by dimi- 
nution of temperature. Considering these two totally distinct causes of diffe- 
rence of specific gravities, if we assume to represent p of the lower station, the 
(r +h’)? 
(r+hy 


quantity p. we have to represent p’ of the upper station, the quantity 


,L+m(T— 32) 
“L+m(T’— 32) 


ce “s@+ay . (see 
H 
ting quantities too small to be usefully retained) 1 + a 


ate) 
earaeae 7 = {1 +m (T—32)}.{1+m. (7 — 32) 
={1+m(T-— 382)}.{1—m(T"'— 32) + Am? + Bm? + Cm’ + &c.} = (by omit- 
ting second and higher powers of m, as too small to be usefully retained) 
1+m(T'- 7’). Thus we have to replace p and p’, the expressions 


2 Neale B\s Pamy: 2 
But Cth) _ (re h+ WD) _ (FFh+ HL) -(14 


TiN 
A) = by omit- 


Moreover, 


a(1 + a) and p’.{14+m(T-T’)}. 


Substituting these, we have 
2H ; 
ae p(1+=*)-avie) 
i sare? =| “com lO8 I Tem(T= TY 0) 
K, is a function of g, and as g varies with the latitude of the stations of baro- 
metric observations, it is necessary to consider K, as a function of the latitude, 


‘ and to seek its value as such. For this purpose, let K correspond to latitude 
45°, and let G be corresponding force of gravity, while K, corresponds to lati- 


H=K, 1+/ 


Dnal 64 
; 2 
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tude ¥, of which g is the corresponding force of gravity (vide Definitions). 
Then, according to Porsson’s “ Mecanique” (Paris edition, 1811, vol. 1. book ii. 
article 194), we have 
g=G(1- ¢ cos 2y). 
But K a” a oe i oe 
ut Ky =f SCE eeu). le (1 — ¢ cos 2y-)* = (by omitting 


second and higher powers of ¢, as too small to be usefully retained) 


= (1+¢cos2¥). But K= We therefore K, = K. (1+ ¢ cos 24). 


Substituting this value of K, in our last equation, we have 


aad aS 


com. log : 142) avr) 
BL m (TT) 8 FF 


In this last equation K is a constant quantity corresponding to latitude 45°. 
Let us now compare this last equation with the similar one of Porsson’s 
“Mecanique” (Paris edition, 1811, vol. m. book iv. chapter v.), viz.— 


z= 18336. {140:00287 cos2y} 14°C)! fi 4 a fog f+ 2log(1 + 2 


H=K.{1+€cos2y}.J1+ 


1000 Sis 
and recollecting that in Porsson’s equation A and h’ (which have the same sig- 


nification as 6 and fp’ of our equation) are supposed to be corrected for differ- 
ence of temperatures, as shown by the attached thermometers ; consequently 


h (1 + 2) 
log + 2 log (1 + 2) = log apt = (by omitting quantities too small to 


2z 
bt Laas =| 
be usefully retained) log 7 has the same signification as 


afi +22) 


Sieg gaa T—T")} 


of our equation ; recollecting also, that in Poisson’s equation the lower station 
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is supposed to be at the level of the sea (which supposition injures Porsson’s 
formula by diminishing its generality), it appears that in systematically taking 
into consideration the hygrometric state of the atmosphere, our formula differs 
from that of Porsson only in subtracting the quantity 3 ./(ff’) from the baro- 
metric observations properly corrected. The constant coefficient, 18336 metres, 
of Potsson’s equation,—which is equal to 60158°6 English feet, having been cal- 
culated for latitude 45°, without a systematic consideration of the hygrometric 
state of the atmosphere,—ought to be replaced by a constant obtained from a 
considerable number of accurate barometric observations, taken in connexion 
with accurate observations of the wet and dry thermometers. 

5. Let us now consider if we can simplify our formula. Porsson says that the 
corrections dependent on the height of the stations above the level of the sea, 
and on the height of one station above the other, may be omitted in calcula- 
tions not requiring any very great nicety, if we increase the constant; and 
this opinion of Potsson, as well as the pernicious advice given by him, as also by 
La Pxacz, with a view to allow for the vapour of water of the atmosphere, are 
adopted in Bayrry’s Astronomical Tables. Notwithstanding such authority, 
this advice ought not to be followed, as it sometimes leads to errors greater than 
the unavoidable errors of observation. In fact, these corrections enter the 


formula in two ways altogether different. In the expression (1 + ai), 
which is a multiplier of the constant, the correction arises from the height of 
the stations above the level of the sea, and in the expression B (1 “ =) the 
correction arises from the height of one station above the other. As the calcu- 
lations are not very troublesome, it is desirable, in all nice and accurate baro- 
metric observations, to retain these corrections ;—to the discretion of the 
calculator must be left when to retain and when to omit them. 

It is now advisable to make some remarks touching the elastic forces of 
vapour of water found in our formula. The quantities f and /’ (according to 
our definitions) represent the actual forces or tensions of the vapour of water 
of the atmosphere of the lower and upper stations. These forces differ from 
the elastic forces of the dew-points by quantities so extremely small that we 
shall employ, instead of them, the forces of the dew-points. Hygrometric obser- 

VOL. XXIII. 3.N 


446 Lieutenant Renny on a new Barometric 


vations should always, if possible, be made in connexion with barometric ones, 
but when this cannot be done, it is better, I believe, to obtain from an approved 
table of forces of aqueous vapour approximate values of f and /’, such as belong 
to temperatures 3° or 4° below the temperatures ¢ and ¢’, than to neglect alto- 
gether the hygrometric state of the atmosphere. With respect to the quantity 
K (1+ cos 2), we may substitute for it a constant calculated for a particular 
latitude, which will answer well enough for latitudes no more than one degree 
north or south. Such constant may be designated a Local Constant, and the 
formula containing it a Local Formula. 
Let us now reproduce our formula— 


maa t +t — 64) 
4147. — 
) reales 


o(1+)- av") 
com atm rT y-avary =) 


Let us replace K (1+ ¢ cos 2) by a constant calculated for a particular lati- 
tude. Let such constant be NV, then 


H=K.{1+ {00 2¥\.|1 4 
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Let us now omit the quantities (1 + si +2) and (1 + ==) ; when such 


may be done without serious error, we have 


t+? — 64 
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K is the constant belonging to latitude 45° ¢ =0:002695 ; r= 20898240 feet ; 
1 = 0:002084 ; m = 0:0001. The term (//’), which is the geometric mean of 
forces of aqueous vapour, is readily obtained from an approved table of forces of 
aqueous vapour. 
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The formula (A) is the formula in its most general form, the constant K 
being calculated for 45° latitude. The formula (B) is a local formula. The 
formula (C) is also a local formula, and may be employed in England when the 
upper station is not more than 500 feet above the lower one, or more than 1000 
feet above the level of the sea, and when the barometric observations are of the 
rough kind. I strongly recommend, however, the use of formula (B) in all cir- 
cumstances. 

A new constant is obviously a desideratum in all these formule. 


Before this paper is brought to a conclusion, some remarks in reference to 
papers on this subject, and published in the second and third volumes of the 
“ Proceedings of the Royal Irish Academy,” may not be inappropriate. 

In these papers it is assumed, that because the thickness of a portion of dry 
air, by becoming united to a portion of vapour of water having a tension F, 
both under a pressure =, is to the thickness of dry air, previous to its union, 
under an equal pressure, as +:—/’; so that dry air necessarily receives an 
increase of thickness by becoming united with vapour of water, the pressure 
continuing unchanged. It follows that in employing barometric observations 
for ascertaining the height of mountains, when we take into consideration the 
hygrometric state of the atmosphere, we ought to allow a corresponding increase 
of height in the proportion, r—/’: z, calculated by summation of variable 
quantities by means of series, or of the integral calculus. 

Now if the increase of height, in consequence of the atmosphere containing 
" aqueous vapour, were analogous to the increase of height produced by increase 
of temperature, which causes an increase of the elastic force of the atmosphere, 
without any addition of material substance, the method pursued in former 
papers would be substantially correct. But vapour of water, by becoming 
united to dry air, adds its own weight to that of the dry air. Thus the analogy 
fails altogether ; so much so indeed, that if the elastic forces of dry air and of 
vapour of water were equal, the formula for dry air alone would be the same 
as that for dry air united to vapour of water, notwithstanding that dry air ne- 
cessarily expands by addition of vapour of water, the pressure continuing un- 
changed. But the elastic forces of vapour of water and of dry air are to each 
other as 8 to 5; and the increase of height in barometric formule due to the 
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consideration of the hygrometric state of the atmosphere requires such a cal- 
culation as that employed in this paper. 

Although the error belonging to the formule given in the “ Proceedings of 
the Royal Irish Academy,” vol. m. p. 565, and vol. m1. p. 322, be not consider- 
able, and although they are an obvious improvement upon the formule in pre- 
vious use, yet as they are erroneous in principle, they ought not to be retained, 
seeing that they are replaced by the more correct formule of the present 
paper. 

N. B.—The equation already published (vide “ Proceedings of the Royal 
Irish Academy,” vol. um. p. 565, and vol. m1. p. 322), viz. : 


ales 


yx ae in which Bitola P, and /(f/f’) =F, 
; re 
in order to harmonize with this paper, ought to be 
Lz 
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V.—On the Drainage of Haarlem Lake. By Samuet Downrne, Esq., LL. D. 
Professor of Civil Engineering in the University of Dublin. 


Read February 12, 1855. 


THE Lake of Haarlem, situated in the northern part of North Holland, is (or, 
we should now more correctly say, was) a large fresh-water lake lying between 
Leyden and Amsterdam, and reaching within two miles of the city of Haarlem, 
from which it derives its name. Its general outline is, as appears from the 
Map, Fig. 1, Plate X., of an irregular oblong figure; its greatest length, 
from north to south, being about 144 miles, and greatest width, from west to 
east, about 8 miles; the total area being 44,500 statute acres; and the average 
depth 13 feet; the surface of the water was nearly on the level of the sea. 
Fig. 1 is a map of the Lake, after the boundary dyke and canal had been 
finished, but before it was finally closed in at Halfwege, Sparndam, and Kat- 
wyck canal. The dotted lines, within the area of the Lake, show its boundaries 
at the several dates figured upon them. On the eastern side are shown the 
minor lakes with which it was feared Lake Haarlem would soon have been con- 
nected had not it been laid dry. 

Fig. 2 shows the several water-courses excavated in the bed of the Lake, 
leading the surface water from rain or infiltration to the three pumping-engines 
by which it is elevated into the surrounding canal, from which it is finally dis- 
charged into the sea. The bed of the Lake is now laid dry; the land thus 
obtained has been sold, and the greater part will this summer produce some 
kind of crop, a clear addition of about 70 square miles having been thus 
made to the agricultural resources of that country. 

It is my present object to give some account of the more interesting opera- 
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tions by which this result has been so successfully obtained. It will fa- 
cilitate this end if we first consider some of the physical peculiarities of 
Holland, its formation, the rain-fall, evaporation, &c. It would be a great 
mistake to suppose that this country is all a mere Delta of the Rhine; the com- 
parison of the coast-line of Holland with those of the Deltas of the Ganges, 
the Mississippi, and the Nile, would, from the great difference in the contour of 
the sea level, which they all, as compared with Holland, express, lead one to 
suspect some corresponding difference in the character of their respective for- 
mations. A more intimate knowledge of this country will, I think, confirm 
the impression thus raised, at least as to all the more northern districts, in 
which we find, prevailing over a large area, a dark peat, sometimes more than 
30 feet deep, resting on sand or clay, the level of its surface being seldom above 
mean tide level, and very frequently much below it. 

Nor is the river Rhine one of those that carries down to the coast any very 
large proportion of sediment, as may be concluded from a comparison of it with 
these other rivers, in reference to the weight of earthy matter in suspension :— 
Oxus, 250 lbs.; Yellow Sea, 50 lbs.; Ganges, 22 lbs.; Wear, in floods, 
16 lbs. ; Mississippi, 6 lbs.; Rhine, 3 1b. in 1000 gallons. 

In fact, so far from being a Delta, ever increasing by successive deposits, we 
may regard this territory as the fragmentary relic of some larger region, which 
has been devastated by the ocean, and is now only preserved in its present 
outline by the unceasing care and industry of man. Many of these inroads 
of the ocean are well-remembered historical facts; the present inland arm of 
the sea, called the Zuyder Zee, was the result of a terrible storm in 1287, in 
which 80,000 persons perished, and cattle innumerable; and, ten years before, 
the tract of land which now forms the Dollart was swallowed up; and a long 
list of similar disasters might be enumerated. 

Along the sea-board of the German Ocean the country is protected natu- 
rally by a high ridge of sand-hills, which stretch along the coast from near 
Dunkirk to the Helder. On every other part the waters are kept back by 
immense sea-dykes; and not only on the sea-coast, but also on each bank of the 
intersecting rivers, are these necessary. The annual cost of the maintenance 
of the dykes, and the other necessary works, is about £600,000. From this 
view of the relative position and levels of the land and water, we hardly re- 
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quire the authority of Extz pz Beaumont to give force to the supposition of 
some great subsidence of the land having taken place, its original conditions 
being such as to facilitate the formation of a vast extent of peat of considerable 
depth. 

The range of the rise and fall of tides (a most important physical feature 
in the artificial drainage of this country, as we shall perceive) is about six feet 
along the coast of the German Ocean. Within the Zuyder Zee the rise at 
Amsterdam and in the River Y is barely 2 feet. The prevailing wind is (and 
we shall find hereafter that this is one most important agent in freeing this part 
of Holland of its injurious excess of water) the south-west. Nor must those 
peculiar circumstances of the great intersecting rivers of the Continent, which 
bear upon the safety of Holland, be omitted here; these rivers are always fro- 
zen over in winter, and frequently the rain-fall and melting snows of the higher 
districts of the Continent are brought down in great volume before the ice in 
the lower part has disappeared. If, coincident with this, a westerly wind has 
forced back a spring tide into the mouths of the rivers, and keeping up the 
shattered ice as a great dam, thus causing the land flood (already, it may be, 
up to the very edge of the dykes) to rise yet higher, and burst with fury over 
the now defenceless fields. It is from some conjunction of unfavourable circum- 
stances, such as those mentioned, that Holland has generally suffered. In 1799 
the very existence of the country was threatened from this source, the Rhine 
rising 7 feet in one hour at Nymegen. The improvements in the bed of the 
river Rhine, even as high up as Bingen, have been a cause of increased anxiety 
and expense to Holland, by bringing down the waters of land floods and melt- 
ing snows of the Alps more suddenly upon their dykes. An average of thirteen 
centuries would show that they have had some severe disaster, either from sea 
or river, once every seven years. 

The annual amount of rain-fall and evaporation is another natural feature of 
even greater importance to this than perhaps any other country. The mean 
fall, deduced from observations of 100 years, is 25-1 in. ; the mean evaporation 
22°6 in., giving a difference of only 2°5 in. of excess of rain-fall. 

From the earliest times this country has been divided into different dis- 
tricts, of greater or less extent according to circumstances, which districts are 
protected and bounded by great dykes that oppose the entrance of the surround- 
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ing waters. These districts have been placed under regular administrations, 
whose rights and privileges have been guaranteed by the head of the State, and 
have always been respected through every change and revolution, and notwith- 
standing all the other divisions and subdivisions of the country, whether fiscal or 
judicial. Their principal duty always has been to make and maintain the means 
of defence against an invasion of the surrounding waters, whether from the sea, 
the rivers, or conterminous administrations. All these waters, of whatever kind, 
which threaten the boundary dyke, are denominated the external waters. But 
within this bounding dyke are also found extensive areas of water, arising 
either from rain or snow, or infiltration from surrounding waters, or from natural 
springs; which last are, however, but rare. These interior waters, although 
in part carried off by evaporation, would, nevertheless, rise too high within the 
dyke (and become as injurious as the external waters) if they could not flow 
off whenever circumstances may lower the surface of the latter. Every boundary 
dyke has, therefore, one or more self-acting sluices, which permit the discharge 
outwards, but close whenever the external waters are higher than the internal. 
Other communications are also opened through the boundary dyke, for the 
purposes of navigation and irrigation. 

The Administration for Hydraulic Works of the Rynland, as containing the 
Lake of Haarlem, of which we are treating, will best illustrate the nature of 
this territorial division. Its artificial boundary is shown by a dotted line upon 
the Map, Fig. 1, Plate X. It discharges its waters at three points:—1. On 
the north, at Sparndam and Halfwege (that is half way between Haarlem and 
Amsterdam), into the River Y, and so into the Zuyder Zee. 2. On the south 
into the German Ocean, at Katwyck sluices. 3. Into the River Yssel at Gouda ; 
in all, eleven sluices, having a total breadth of about 280 feet. 

Within the bounds of every Hydraulic Administration are found three great 
divisions of the surface, technically named the natural lands, the basin, and 
the polders. The Naturat Lanps are those which, as being above the 
surface of the internal waters, permit the rain to flow naturally off their sur- 
face. The Basin consists of the surface of all the internal waters what- 
ever, marshes, lakes, canals, and drains,—all having one surface level, and in 
free communication ; the level of the surface of the basin is in general a little 
lower than that which the waters would have in summer, if the boundary dyke 
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did not exist. 'The PotprErs are the lands lying below the level of the water of 
the basin, and must therefore be kept dry by artificial means, each separate 
polder being surrounded by its own dyke to keep out the waters of the basin ; 
over which dyke the waters of the polder must be raised mechanically. The 
depth of the land in the polders, below this level, varies from a few inches to 
20 feet. 

In-the Rynland Hydraulic Administration the relative areas of these three 
descriptions of surface are :— 

Natural Lands (two-thirds of which are Dunes or Sand-hills), 76,000 acres. 
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305,000 acres. 


From which we have this surprising result, that but one-fourth of the total area 
is land situated above the level of the water; let the boundary dykes fail, or the 
mechanical raising of the waters cease, and the vast area of 173,000 acres re- 
verts to its original condition, becoming again covered with water. 

It will be understood now, from what has been said, that when the exterior 
are lower than the interior waters, the basin acts as a channel to conduct the 
waters flowing off the natural lands, and raised mechanically from the polders 
to the sluices in the boundary dyke, and so to the sea; but if, on the contrary, 
the exterior waters are at any time higher than the interior, the basin acts as a 
reservoir to contain these waters derived from the natural lands and polders, 
until a favourable time for discharging them through the sluices arrives. Hence, 
if for any lengthened period the external waters remain at a high level, closing 
the self-acting sluices, and stopping the discharge of the internal waters, the 
proportion of the area of the basin, relatively to that of the rest of the admi- 
nistration, becomes of the highest importance, for at every polder there is a 
scale fixed, like the scale of feet at a dock entrance; the zero of these scales, 
which is common to the whole country, is the top of a certain pile at Amster- 
dam, and is briefly called the A. P. (Amsterdam pile), or O. A. (zero of Ams- 
terdam). It is about the mean level of the tides in the Zuyder Zee, and also the 
surface of the natural lands in the greater part of the two provinces of Holland. 
It is most suitably, then, the point of reference in all hydraulic works and ob- 
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servations in this country. Upon the scale I have described, there is a point 
marked, called the point d’arrét, or point of stopping, which is the same height 
for all the polders in each administration, but not the same for every different 
administration; and when the interior waters of the basin have reached this 
point, then all the windmills and steam-engines raising water from the polders 
must cease working, although the consequence of this, if the stoppage continue 
long, must be, that they become, to their great injury, covered with water ; 
this, however, is the lesser of two evils,—for the point of stoppage has been 
fixed with a reference to the height of the natural lands, and the lower and 
weaker of the banks surrounding the polders. 

The consequence, then, of permitting the surface of the basin to rise above 
this point by any further continuing the mechanical lifting of the water of the 
polders, would be to flood the natural lands, and cause the water to flow back 
into the polders over the top of their boundary dykes, not only flooding the 
lands below, but endangering the bank being cut through by the rush of water 
over the top. 

Upon the area of the basin, therefore, multiplied into the vertical depth from 
the point of stoppage to the level that the surface had at the time the self-act- 
ing sluices closed against the exterior waters, depends the volume of rain that 
may fall upon the total area of the Hydraulic Administration, without entailing 
the great injury of a cessation to the mechanical drainage of the polders. 

We may illustrate this by the Rynland. Let us suppose the level of the 
surface of the water in the basin to be 1 foot 2 inches below the point of 
stoppage, and the self-acting sluices closed, the external waters being from any 
cause raised above that point. Let 3 inches’ depth of rain be supposed to 
fall in the week over the whole 805,000 acres; this will raise the basin of 
56,000 acres, 3 inches, by that which falls directly upon it, no evaporation 
being supposed to take place, and the rain upon the polders, being also 
thrown off as it falls, being raised by the windmills and steam-engine, 3 inches 
upon 176,000 acres, will be equal to 9:4 inches on 56,000, and 3 inches falling 
on the natural lands ; and, flowing down on the basin, will raise it 4 inches. 
Thus, the total rise of the basin would be 1 foot 4°4 inches, or 2 inches above 
the point of stopping; the engines raising the water from the polders would, 
therefore, have to cease working before they had discharged that amount 
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of rain-fall; nor can it be recommenced until the exterior waters have fallen 
below the point d’arrét. We see now what a change in the Rynland has 
been made by laying dry the Lake of Haarlem: 44,500 acres have been 
deducted from the Basin, and added to the Polders. Instead, therefore, of 
56,000 and 173,000 acres respectively, we have 11,500 and 217,500 acres for 
the areas of basin and polders :— 

Before Draining Lake. After Draining Lake. 


Natural liands:t occ.) eunjevieMseunexes © Gide) 120;000 aeres: 76,000 acres. 
Basin Seen En aPeoe secu vores ust et ete COb O00) fos 11,500 ,, 
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305,000 acres, 305,000 acres, 


Consequently, instead of the basin being able to bear nearly 3 inches of 
rain-fall without stopping the discharge of water from the polders, as in the 
example just given, it would not bear three-quarters of an inch without produc- 
ing the same evil effect. The authorities of the Rynland were, therefore, 
justified in demanding from the Commissioners of the Drainage of Lake Haar- 
lem guarantees that it should not, when completed, entail any injury upon 
the rest of the district under their charge. 

In another interesting point of view it was necessary to guard against any 
injury to this Administration by the successful drainage of the Lake. 

It has been observed in navigable canals, that in very long and straight 
reaches, the surface, which in calm weather is truly level, becomes, when the 
wind blows with force and for some time in the direction of the length of the 
canal, inclined, and sometimes so much so as to impede the navigation. The 
Dutch have utilized this fact, so inconvenient to others, for, though it may seem 
almost incredible, the surface of Lake Haarlem was observed, when the wind, 
generally south-west, blew strongly for some time in the direction of its length, 
to have adifference of level ofupwards of 3 feet, the northern extremity being that 
much higher than the southern: it is easy to perceive how powerfully this aids 
the discharge through those sluices towards which the wind impels the waters. 
A south-west wind not only raises the Lake against the northern sluices, but 
lowers the surface of the Zuyder Zee, depressing its waters outside the same 
points by the operation of the same cause, and thus doubling the beneficial 
effect on the discharge of the waters of the basin of the Rynland. 

302 
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It is true, the sea is raised at Katwyck sluices, but here the rise and fall 
of the tide is so much greater than in the Zuyder Zee that, unless in great 
storms, these always have some discharge at every low water. The action of 
the tides is irregular, and almost disappears on the northern part when the winds 
arehigh. If, then, Lake Haarlem be laid dry, it is evident this mode of lower- 
ing the basin of the Rynland must cease, and that too, at a time when, from the 
diminution of the area of the basin, which I have mentioned, the position of the 
district had become more critical. We may now more readily understand how 
it was that so many different projects were put forward, and such a length of 
time elapsed, before this work, which seemed in different ways to compromise 
the safety of the rest of the Rynland, was finally undertaken. It was under 
consideration for 200 years; fifteen different projects having been mooted in 
that time. It was, however, in a manner forced upon the Government by the 
dangers arising from so vast a body of internal water, surrounded by shores of 
such yielding material as peat. 

The fresh-water lakes of Holland, although seemingly so sluggish and inert, 
yet contain within themselves a principle of increase: most frequently formed 
by the cutting away of turf for the purpose of fuel, and separated from each 
other by narrow intervening banks ; a storm arising, drives the waters with 
fury against the too yielding bank—this soon disappears, and the area of the 
united waters falls with increased power upon the next opposing mass, which 
in its turn gives way, and after some years a large and dangerous expanse of 
waters is seen, which can only be restrained from further injury by expensive 
works. It was thusthat Lake Haarlem, which in 1531 consisted of four small 
contiguous lakes, was gradually formed ; the boundaries of these are given in the 
map, Fig. 1, Plate X., with the several dates upon the lines showing the then 
boundaries of the waters. It was only by lofty and expensive dykes along 
the eastern shore, and an expenditure of about £5000 a year in repairs, that 
it was prevented joining the Lakes of Aalsmeer, and finally attacking Amster- 
dam itself. 

On the 9th of November, 1836, a violent storm from the south-west forced 
the waters over the dykes, and flooded all the lands up to the gates of Amster- 
dam, causing great destruction of property; and, on the following Christmas 
Day, an equally violent gale from the opposite quarter drove the waters over 
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every barrier up to the very streets of Leyden, causing loss of life, of cattle, and 
property; nor were the damages repaired for more than a twelvemonth. 

The Government now at last resolved to complete the work so long pro- 
jected. A Commission was formed to report upon the plan to be followed, and 
a credit granted by the States-General. The first of the engineering works of 
the drainage were more directly connected with the security of the basin of 
the Rynland than with the Lake itself, and consisted in widening and straight- 
ening the canal leading to the Katwyck sluice. This canal had been originally 
formed (in 1806) about 90 feet wide; it was now made to be 170, which involved 
the lengthening of the bridges, and increasing the number of the inner line of 
the sea sluices at Katwyck; the outer line has not been altered. On the north 
side, the River Sparn was deepened and improved, and an engine of 200 horse- 
power erected to discharge water from the basin into the Y, when the flow 
of it outwards was otherwise impossible. Additional sluices were also con- 
structed at Halfwege, and quite recently, a second engine of 100 horse-power 
has been put up here, like that at Sparndam, which was found insuflicient by 
itself to keep down the surface of the basin. 

The first direct operation of the laying dry the bed of the Lake was (as is 
always necessary when gaining new polder land) to completely surround it with 
a large and water-tight dyke, to separate it from all other waters of the basin; in 
this lake it was, moreover, required to provide for that inland navigation which 
had been hitherto maintained over its waters, and thence up the several chan- 
nels leading to all parts of the basin of the Rynland. A navigable canal, called 
the Ringvart, was, therefore, directed completely round the Lake, its inner 
bank being the surrounding dyke, and the outer formed of the stuff cast out of 
the canal bed, which had a width of 140 feet, and depth suited to vessels draw- 
ing 8 feet of water, such as were used in the former navigation of the Lake. 
Transverse sections of the Ringvart at two different points are shown in 
Figs. 3 and 4, Plate X. The length of this canal was about 36 miles. 

As to the kind of power to be used in extracting the water, namely, whether 
wind or steam, the Commissioners having rejected the idea of using the ancient 
windmills of the country, or wind with steam as an auxiliary working the 
scoop-wheel shown in the annexed woodcut, adopted the designs of Messrs 
Gibbs and Deane, which had been obtained by three of their body, deputed to 
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visit England to examine into the working of the far-famed Cornish pump- 
ing-engines. As to the amount of power to be applied to laying dry the Lake, 


an interesting practical problem presents itself. We must, in the first in- 
stance, set up a power to lay dry the polder exactly equal to that required 
ever after to maintain it in that state. If we apply to the exhausting of the 
water a greater power than that required to keep it dry afterwards, we shall 
be burthened with the interest upon a too great first cost, and subsequent 
maintenance, having thus purchased too dearly the earlier laying dry of the 
polder by an expenditure not commensurate with the gain in time. At first 
sight it would appear impossible to fulfil the conditions of this problem, and so 
indeed it would be, if the power to be employed in permanently keeping dry 
the land on the bed of the Lake were required to act continuously, as it must 
do, in the first instance, in laying it dry. The power required in the engines 
must then be obviously equal to the maximum power required to meet the rain- 
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fallin some definite period, as, suppose, one month, together with any infiltration 
from the external basin. 

Observations on the rain-fall of Holland, extending over a period of 
ninety-eight years, had shown that the greatest depth of rain in any one 
month was 6:524 inches more than the evaporation for the same period. If 
we allow 1-47 inches for infiltration, we have a total depth of 8 inches to be 
thrown off the land in one month, and this has to be raised from the level of 
the future drains in the polder to that of the water in the Ringvart, a height of 
about 16 feet. A simple calculation gives 1087 horse-power as necessary to 
effect this in twenty-five working days per month. It was, therefore, resolved 
to put up three engines, of 350 horse-power each, and these were located in the 
positions shown on the map. From the power thus required to keep dry the 
future polder, we may, proceeding in a retrograde order, readily deduce the 
time in which the first operation of laying dry the lake may be effected by that 
force which we have shown to be necessary to its permanent maintenance, 
namely, 1087 horse-power. The Lake at 13 feet of depth contained about 
800,000,000 tons of water, which had to be raised an average of about 63 feet 
of vertical height. With no delay from accidents, or frost, or from the point 
of stopping being reached, this might be effected in about fourteen months. 
From avariety of unforeseen causes it required thirty-nine months; and the weight 
of water actually raised was, as indicated by the counters attached to the engines, 
upwards of 1,100,000,000 tons. The annexed woodcut, p. 460, shows the rate of 
progress in each successive month, and by joining the lowest points in each suc- 
cessive year we may perceive how, in each winter season, the rain-fall, with 
the absence of evaporation, gained upon the power of the engines ; the general 
average lowering of the surface was at the rate of about-4 inches per month , 
every inch in depth upon the surface weighing upwards of 4,000,000 tons, we 
may thus form an opinion how prejudicial and expensive such risings must have 
been, more especially in the latter months, when it had to be raised nearly the 
full depth of the Lake. 

The estimated expenditure at the commencement of operations was 
£687,500; the result, up to the last published account, which includes the full 
completion of all the works, was an actual expenditure of £827,200, being an 
excess of £139,700. 
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The sale of the land will realize about £400,000, and the land-tax of 7s. 4d. 
per acre, being capitalized, represents a nearly equal sum; moreover, the 
annual cost of the eastern dykes, set down at £5000 a year, now ceases, and 
in the profit to the State we cannot omit the saving thus effected. 
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The horizontal line represents time, each equidistant vertical being separated 
a space taken conventionally as equal to one month. The verticals represent 
depth from original surface of Lake to surface as lowered at that date, in feet 
or metres, according as we use either of the comparative scales given, that on 
the left being metres, and on the right, feet. By joining the feet of these verti- 
cals we get an irregular line, from which we may obtain the depth pumped out 
at any intermediate period. 
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VI—On the Degree of the Surface reciprocal to a given one. By the Rev. 
Grorce Satmon, Fellow of Trinity College, Dublin. 


Read November 30, 1855. 


I.—General Theory. 


IT is my intention in the present memoir to lay before the Academy the ex- 
tension and completion of a theory of reciprocal ‘surfaces, the first outlines of 
which I published some years ago in the “ Cambridge and Dublin Mathema- 
tical Journal” (vol. il. p. 65, and vol. iv. p. 187). I there showed how to cal- 
culate the degree of the reciprocal of a surface having an ordinary double line ; 
it remains now to show what the degree will be when the surface has likewise a 
cuspidal line (that is to say, a double line, the two tangent planes at every point 
of which coincide). I purpose next to examine the nature and number of those 
singular tangent planes to a surface which give rise to multiple points and lines 
on the reciprocal surface, and thus to show how it is that the degree of the 
reciprocal of that reciprocal coincides with the degree of the original surface. 
We shall thus obtain results analogous to the well-known theorems of M. 
Prucker for the case of curves. Lastly, I purpose to apply this theory to the 
case of developable surfaces, and to show how it is that the degree of the reci- 
procal of a developable reduces to nothing. I may mention that the substance 
of the present paper was prepared for publication in the year 1849, though various 
causes have prevented its being published until now. 

I use the following notation for the following quantities, which will come 
under consideration in the discussion of the problems which it is proposed to 
investigate, and which may be regarded as the ordinary singularities of sur- 


faces :— 
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Let n denote the order of the surface, that is to say, the number of points 
in which an arbitrary line meets it. 

n', the class of the surface, that is to say, the number of tangent planes 
which can be drawn through an arbitrary right line. 

a, the order of the tangent cone, drawn from any point to the surface. 

6, the number of its double edges. 

x, the number of its cuspidal edges. 

b, the order of any double curve which may exist on the surface. 

k, the number of its apparent double points ; that is to say, the number of 
lines which can be drawn from an arbitrary point, twice intersecting the 
double curve. 

t, the number of triple points on the double curve, which are also triple 
points on the surface. 

c, the order of any cuspidal curve which may exist on the surface. 

h, the number of its apparent double points. 

, the number of intersections of the double and cuspidal curve which are 
stationary points on the latter. 

y, the number of intersections which are stationary points on the former. 

i, the number of intersections which are singular points on neither. 

p, the number of points where the double curve } is met by the curve of 
contact a. 

c, the number of points where the cuspidal curve ¢ is met by a. 

Let the same letters accented denote the corresponding singularities of the 
reciprocal surface. 


Having made this preliminary enumeration, I give in the first place the 


theory of the reciprocal of a surface of the n™ degree, having no multiple line. 


To 


know the nature of a section of the reciprocal surface, it is only necessary 


io know the nature of a tangent cone to the original surface. Having the degree 
of this cone, and the number of its double and cuspidal edges, we shall know 
at once by M. Prucxer’s formule, the characteristics of its reciprocal, namely, 


the 


section of the reciprocal surface. 
I investigate the equation of the tangent cone by the method which M. Joa- 


CHIMSTAL has given for plane curves (“Crelle,” vol. xxxiv. p. 24). Let the 
juadriplanar co-ordinates of two points be zyzw, a’y’z’w', then— 
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Ag + pr’, Ay + wy’; Az + pz’, Aw + pw’, 


are the co-ordinates of any point on the line joining them. If these values be 
substituted for the current co-ordinates in the equation of any surface, the 
resulting equation solved for A: gives the co-ordinates of the points where 
this line meets the surface. If then we form the condition ¢U =0, that this 
equation in A: should have equal roots, and in it consider xyzw as variable, 
it will represent the locus of all points, such that the line joining them to 2’y‘z2'w’ 
touches the given surface ; or, in other words, it will be the equation of the 
tangent cone whose vertex is 2'y'2'w’. 


If the equation of the surface be U=0, the result of this substitution will be 


n-2 2 


[U]=r0 +r wau+> wT 4 &e.=0; 


where A denotes the symbol 


rhe sul ee 
dz dy dz dw 
a{0) 4 U7 
dx dp 
tangent cone. It will obviously be of the n (n—1)" degree. 

Cuspidal edges on the tangent cone arise when any edge of the cone meets 
the surface in three coincident points. If ryzw be the co-ordinates of the point 
of contact, the equation [U]=0 must in this case be divisible by y*. The 
point must, therefore, be one of the intersections of the three surfaces U=0, 
AU=0, A’?U=0;; and since these are of the degrees n, n—1, n— 2, the num- 
ber of such points is m(m—1) (n—2). 

Double edges on the cone arise when any side touches the surface in two 
distinct points. The equation {U] will in this case have two values of » = 0, 
and two of the remaining values of « equal. The co-ordinates then of any point 
of contact of a double tangent must satisfy the equations U=0, AU=O, and 
¥U=0, where ¥U is the condition that the equation, 


The result of elimination then between is the equation of the 


1 1 
n2 A217 2-3, ASU ie 
io A*U + 5-3 pA + &. =0, 


should have equal roots. y-Uis evidently of the degree (n— 2) (n—3) in zyzw. 
3P2 
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The number, therefore, of points of contact of double tangents is m (n—1) 
(n—2) (n—8); and the number of double tangents is of course half this. We 
have proved, then, that the degree of the tangent cone is n(m—1) ; that it has 


EN ea CT) eee 
; 


The degree of its reciprocal, then, is, by M. Prucker’s formula, 


n(n—1)\n(n—1)—1}—3n(n—1) (n—2)—n(m—-1) (n—-2) (n—-38) 
=n(n—1)?. 


n(n—1) (n—2) cuspidal edges, and 


And since the degree of the reciprocal surface is the same as the degree of a 
plane section of it, we have in general n’=n (n—1)?. 

Let us now proceed to the case where the given surface has multiple lines. 
It appears by the same reasoning as for plane curves, that every line joining the 
point 2’y'2/w' to any point of a multiple line must be regarded as, in one sense, 
a tangent line to the surface: and that the cone determined by the equation 
~U = 0 includes doubly the cone standing on the double curve 8, and trebly 
the cone standing on the cuspidal curve c. If then a be the degree of the tan- 
gent cone proper, we have 


n(n—1)=a+ 2b +4 3e. 


To find the multiple edges of the tangent cone, we have, as before, to exa- 
mine the points where the line of contact meets the two surfaces A’? U, and yU. 
But the line of contact now consists of the complex line a + 2b +c, and the 
points where } and c meet A°U and yU are plainly irrelevant to the question. 
Neither shall we have cuspidal or double edges answering to all the points where 
a meets these surfaces: since, if for example, any side of the cone a be also a 
side of the cone b, this must be considered as a double edge of the complex 
cone, although not a double line either on aor b. And any line passing through 
an intersection of the curves a and ¢ must be considered as a cuspidal edge of 
the complex cone, although not so on either of the cones considered sepa- 
rately. 

The following formule will be found to contain an analysis of the intersec- 
tions of each of the curves a, b, ¢ with the surface A?U. The signification of 
the letters employed has been already explained :— 
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a(n—2)= c+ p+2ae, 
b (n—2)= p+26+4+ 3y + 3t, (A) 
¢ (n—2)=264+48+ yx. 


I am not prepared to give a satisfactory explanation @ priori of the numerical 
coefficients in these formule. Ihave obtained them by induction from an exa- 
mination of a variety of particular surfaces. In particular, the surface which 
is the reciprocal of a surface of the third degree, and whose singularities can, 
without difficulty, be determined, furnished all the formulz except the coeffi- 
cient of y, there being no points y on this surface. 

We derive, then, from these equations (A), 


k=(a—b—c) (n—2)+6B + 4y+4 32. 


But since, if the surface had no multiple lines, the number of cuspidal edges in 
the tangent cone would be (a+ 2b+ 3c) (7 —2), the diminution in these caused 
by the double lines 1s 


(3b + 4c) (n— 2) — 68 — 4y — 38. 


Next, to find the number of double edges in the cone a. I use the symbol 
[ab] to denote the number of apparent intersections of a and 8, that is to say, 
the number of points where these two lines, seen from any point of space, appear 
to intersect, though they do not actually do so. The following formule, then, 
contain an analysis of the intersections of a, 6, c with YU: 


a(n—2) (n— 3) = 26 +3 [ac] + 2[ab], 
b (n—2) (n—3)=4k+ [ab] +3 [be], (B) 
is c (n—2) (n—3)=6h4+ [ac]4+ 2 [be]. 
28 = (a—2b—3¢e) (n—2) (n—8) + 8k +4 18A4 12[be]. 


But the number of apparent intersections of two curves is at once deduced 
from the number of their actual intersections. For if cones be described hav- 
ing a common vertex, and standing on the two curves, the common sides of 
these cones must answer either to apparent or actual intersections. Hence, 
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[ab] = ab — 2p 
[ac]=ac—30 (C) 
[bc ]=be — 3B — 2y —-1.* 


Substituting this value for [bc], we have 
26=(a—2b—3c) (n—2) (n—3) + 8k + 18h + 12be — 368 — 24y— 122, 


and since, if the curve had no multiple lines, twice the number of double edges 
in the tangent cone would be (a+ 2b+ 3c) (n—2) (n—8); the diminution in 
26, caused by the double lines, is 


(4b + 6c) (n—2) (n—3)—8k—18h — 12be + 368 + 24y + 124. 


By the help of the equations (C), the equations (B) may be written in the fol- 
lowing form, which is sometimes more convenient: 


a(n—2) (n—3) = 26 + 2ab + 3ac—4p -9e, 
b(n—2) (n—8)=4k+ ab + dbe — 9B - by — 31 — 2p, (D) 
c (n—2) (n—3)=6h+ act 2be — 6B -4y— 2i—3o. 


It is easy now to find the effect of the lines } and ¢ on the degree of the reci- 
procal surface. If the degree of a cone diminish from m to m—l, that of its 
reciprocal will diminish from m(m—1) to (m—1) (m—I—1); that is to say, 
will diminish by 7(2m—/—1). In the present case m=n’—n, and 1= 26 + 3¢. 
The diminution then in the degree of the reciprocal, arising from the diminu- 
tion in the degree of the tangent cone, is 


(2b + 8c) (2n? —2n—2b—3e—1). 


We must subtract from this three times the diminution in the number of cusps, 
together with twice the diminution in the number of double edges, and we find, 
for the total diminution of the degree of the reciprocal surface, 


* It is proper to observe, that if the surface have a nodal curve (5), but no cuspidal curve, 
there will still be a determinate number 7 of cuspidal points on the nodal curve, and the equation 
given will receive the modification [ab]=ab-—2p-—i. As, however, the quantity [ad] is eliminated 
from the equations in finding the diminution in the degree of the reciprocal surface, the ultimate 
result is not affected. 
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(2b + 3c) (2n?—2n—2b—8e—1)—3 (3b44c) (n—2) +1884 1274 9t 
— (46+ 6c) (n—2) (n—3) 48k + 18h — 366 — 24y — 1274 12be, 
that is to say, 
=n (7b + 12c) — 4b? — 9c? — 8b — 15 + 8k + 18h — 18B— 12y— 127+ 9¢. 

As a first verification of the preceding formule, we take the case where the 
surface is a complex one made up of several others. In this case the complex 
surface must be considered as having for a double line (in addition to whatever 
double lines the surfaces may have, considered separately) the aggregate of the 
curves of intersection of each pair of surfaces, on which every point of intersec- 
tion of three surfaces will bea triple point. The effect of this double line must 
be to reduce the degree of the reciprocal of the complex surface to the sun of 
the degrees of the reciprocals of the simple surfaces. 

We shall then have 

N=2N)5 b=>b, + Din; ¢=DXey; 
h=2h+2e0; B==ZR; yeZn+ Zam; 
£=Dt, + D777, 4- Db; t= Dh; 
p=2=p,+2an,; c= Zo,; 


MN (M, —1) (m2 —1) 
1 Re 


[p= ees) + Eh,b, 


+ Dn, Dn,n Ns — 3En,n nz + Db, Dn,nqy — QE» ; 
and on substituting these values the equations (A) and (D) are satisfied iden- 
tically, and the reduction in the degree of the reciprocal surface, caused by the 
curves of intersection of the simple surfaces, is 
3EN,?n. + 6Ennyng —VEnyn, ; 
but this is just the difference between 
(=n,)§ — 2 (En,)? + (Bn,) and F(n3-2n,? +n,). 


I].—Developable Surfaces. 


I come now to the application of the preceding theory to the case of deve- 
lopable surfaces. I use with respect to these surfaces the notation employed 
by Mr. Cayley (“ Liouville,” vol. x. p. 245; “ Cambridge and Dublin Mathe- 
matical Journal,” vol. v. p. 18). The degree of the developable surface is 1. 
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It has a cuspidal line of the degree m, and an ordinary double line of the 
degree z, The simple line of contact (a) consists of m right lines. Each of 
those right lines meets the edge of regression once, and the line # inr—4 
points (see “Cambridge and Dublin Mathematical Journal,” vol. v. p. 25). 
The lines m and @ intersect at the a points, which are the points of contact of 
stationary planes of the system; for, since there three consecutive lines of the 
system lie in the same plane, the intersection of the first and third of these 
must belong to the line 2, which is the locus of the points on two consecutive 
lines of the system.* The tangent cone to the developable breaks up into n 
planes; it has, therefore, no cuspidal lines, and a aa - = double lines. 

We have then the following table. The letters on the left-hand side of the 
equation refer to the notation of the preceding theory ; the letters on the right- 
hand to the notation in the papers on developable surfaces just referred to: 


R= U=P, VS, CH, PSO G=4), oS, R=Oy P=} Sl, d=c- 


and the quantities ¢, y, & remain to be determined by the present theory. On 
substituting these values in the equation (A) and (D), we obtain the following 
system of equations :— 


n (r—2)=n{24+(r—4)}, 

x (r—2)=n(r—4) 4284 37 +4 3t, 

m(7r—2)=2n+4B6+y, (£) 
n (r—2) (r—3)=n{|(n-1)+22+ 3m—-4 (r-4)-9}, 

x (r—2) (r—3) = 4k+ na + 3ma2— 9B —6y-3a—-2n (r—4), 
m(r—2) (r-3)=6h+mn-+ 2mze — 6B - 4y - 2a 3n. 


The first of these equations is verified immediately, and the fourth by the help 
of the equation given by Mr. Cayley (“ Cambridge and Dublin Mathematical 
Journal,” vol. v. p. 21), 


224+ 3m+n=r(r—-1). 


We may determine ¥ either from the third or from the sixth equation. That 


* It was the consideration of this case which led me to include in the preceding theory the 
points %, of which I have never happened to meet with any other instance. 


Surface reciprocal to a given one. 469 


the results derived from both are identical, appears on eliminating y between 
these equations, when we have 


m(r—r)=b6h+mn+2mz + 108 -2a+ 5n+ 2m, 
an equation which that just given reduces to 
6h — 3m? + 106 — 2a+5n4+ 2m =0. 


And this equation is immediately verified by adding the two given in Mr. Cay- 
LEY’S memoir just cited, 
6h+ 8B +n=3m (m-2), 2(B—a)=4(m—n). 

It appears then, that of the six equations (E), three may be verified by the 
theory of developable surfaces already known, while the remaining three deter- 
mine the three quantities, ¢, the number of “ points on three lines” of the system, 
y, the number of points of the system through which pass another non-conse- 
cutive line of the system, and & the number of apparent double points on the 
nodal line of the developable. It is obvious that the corresponding reciprocal 
singularities may be determined in like manner, that is to say, the number of 
“planes through three lines,” &c. 

It is possible to verify the value just found for y by investigating this quan- 
tity directly* in the case where the edge of regression of the developable is the 
intersection of two surfaces U and V, the former being supposed to be of the 
degree k, and the latter of the degree /. The points where the line joining two 
given points meets each of the surfaces is determined, by the method already 
given, from the equations, 


INA he 

MU +A AU + Sie A?U + &e. = 0, 
Near 

NV +ATUAV + oT A’°V4+&e.=0; 


but if the line joining the two given points be a line of the system, and ayzw 
its point of contact, we have V=0, V=0, AU=0, AV=0. Introducing these 
values, and eliminating A, », between the equations, we shall have the condition 


* The method of investigation employed is the same as that by which Mr. Caytey has deter- 
mined the number of points of inflexion and double tangents of plane curves, of which I have else- 
where given an account.—(‘ Higher Plane Curves,” pp. 77, 86.) 
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that the given line should meet the curve VV again. This condition will be of 
the degree (k—2) (J — 2) in zyzw, and of the degree /k — 4 in a'y'z'w’. But 
since this condition must be satisfied for every point of the given line, if we 
eliminate a’y‘z’w’ between it, the two equations of the right line, AU = 0, 
AV=0, and the equation of an arbitrary plane, ax + By + yz+ éw = 0, we 
shall have a result which will be of the form 


II (ar + By + yz + Sw)". 
II will then be of the degree 
(k -2) (L— 2) + (lk - 4) (k+1- 38), 
and the intersections of the surface represented by I= 0 with U, V will give 
the points y. Ifthen we write ki=g, k+l/=p, the number of points y will be 


q (pq - 2g - 6p + 16). 
But I have shown (“Cambridge and Dublin Mathematical Journal,” vol. v. 
p- 32) that in the same case 


m=q, n= 3¢(p-3), r=9(p- 2), B=0, 
by the help of which values the equation 
m(r—2)=2n+4pB+¥ 

is satisfied identically. The case of developable surfaces, thus examined, 
proves, I think, that the numerical coefficients in at least the first and third of 
equations (A) and (D) have been rightly determined. It is scarcely necessary 
to observe, that the singularities here noticed may be sometimes replaced by 
others of a higher order. For example, the developable, whose edge of re- 
gression is the line of intersection of two surfaces of the second degree, has no 
“ point on three lines,” but has, instead, four “ points on four lines.” 

As a further illustration of the theory of developable surfaces, I take the case 
of the developable which is the envelope of the variable plane 


At+ pBto + ae Cr + &e. = 0, 


where ¢ is a variable parameter. 
This surface has been elsewhere discussed (‘ Cambridge and Dublin Ma- 


thematical Journal,” vol. iii. p. 169 ; vol. v. pp. 46, 152). Its characteristics I 
have there stated to be— 
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m=3(n—2),n=p, r=2(p-1), a=0, B=4(u-3), =o (w-1) (n-2), 
h=4(9u?- 58p + 80), 2=2(u—2) (u—3), y=2(u—1) (u-3). 
On substituting, then, these values in equations (E), we find 
y= 6 (4-3) (u—4); 8t=4(u—-38) (u-4) (w-5); 
k= (p- 3) (28 - 18? + 57m — 65). 

These values may be considered as so far verifying the preceding equations, 
insomuch as it is evident, d priori, that points y cannot exist when p is less than 


5, nor points ¢ when yp is less than 6. I may add, that I have calculated inde- 
pendently the order of the conditions that the equations 


At*'+(u-1) Bt? + &. = 0, Bt + (w—1) Cte? + &e. = 0, 
should have three common factors, and found the result 


(2u—4) (2u—5) (2u—6) 
2 3 ; 


But thisis exactly the sum of the numbers £, y, t. I have similarly examined, 
by an independent method, the number of apparent double points in the curve 
represented by the conditions that the two equations just written should have 
two common roots, and found the result 


(uw — 2) (Qu = 8) (24-5) (34-7). 
Il, BAS 33 


Now, since these conditions represent as well the cuspidal curve as the nodal 
curve z of the developable, the number of apparent double points in the com- 
plex curve should be h+k+ (mx — 38 —2y—-—a); the latter number being 
that already found as representing the number of apparent common points of 
the cuspidal and nodal curve. On proceeding, however, | substitute the 
values already found for h, k, &c., we find 


His Bi eM) Sas ue ee a gd ay 


instead of being 
=h+k+ (max — 3B - 2y - a). 


oFQ 2 
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It is, I think, plain that we are not to attempt to reconcile these equations by 
supposing the value here given for & to be erroneous; but rather by considering 
that the method of verification employed by me gave me the actual, as well as 
the apparent, double points of the complex curve. 

The values of 9/, t’, &’ for the reciprocal system are found in like manner— 


of = 2(u—2) (u—3); 3 =4(u—2) (u—8) (u—4); 
2h’ = (m— 8) (44° — 31? + 77-62). 


III.—Singularities of the Reciprocal Surface. 


We proceed next to determine the values of the quantities p, o, &c., for the 
reciprocal of a given surface ; to verify that these values, substituted in the 
equations (A) and (D), will satisfy them, and thus to show that the reciprocal 
of the reciprocal will reduce to the degree of the given surface. We shall en- 
deavour to determine directly as many of these singularities as we can, but we 
are obliged to limit ourselves to the case where the original surface has no 
multiple points or lines. We have seen that in this case the tangent cone 
drawn to the original surface from an arbitrary point is of the degree n(n —1), 


n(n—1) (n— 
Ihe 


2) (n— 
having n(n — 1) (n— 2) cuspidal lines, and dee) double lines. 


The reciprocal of this will be the section of the reciprocal surface by an arbi- 
trary plane. Its degree will be 


nm’ =n(n—1) {n(n—1)—1}—38n(n—1) (n—2)—n(n—1) (n— 2) (n—3) 
=n(n—1)?. 
The number of cusps in the section of the reciprocal surface, found by the or- 
dinary rule is 
3n(n—1) \n(n—1)—2} — 8n(n—1) (n—2) — 38n(n—1) (n—2) (n—3) 
= An(n — 1) (n— 2). 


Since, then, any section of the reciprocal surface has this number of cusps, we 
learn that the reciprocal surface has a cuspidal line whose degree is 


c = 4n(n—1) (n— 2). 
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In like manner twice the number of double points in a section of the reciprocal 
surface is 
n(n—1)? {n(n—1)?—-1}—n(n—1)—12n(n—1) (n—2) 

=n(n—1) (n—2) (?—-n’? +n —-12). 


Hence, then, by the same reasoning, the reciprocal surface has a double line 
whose degree is 
b'=n(n—1) (n—2) (n®-n? + n—-12). 

The importance of these results justifies us in giving another and more 
direct investigation of them. To every double or stationary point on the reci- 
procal surface corresponds a double or stationary tangent plane on the original 
surface. Let us then investigate directly the conditions fulfilled by the point 
of contact of a double tangent plane to a given surface. We investigate these 
by the same method by which we investigated the condition that a line should 
touch a surface. If the co-ordinates of three points be @712,, @oYoZ.to, VYZW, 
then those of any point on the plane through the three points will be 
Ax + Mme, + vay, AY + MI + VYo, AZ + per + veo, AW + ww, + vw. ; and if we 
substitute these values for zyzw in the equation of the surface, we shall have 
the relation which must be satisfied for every point where this plane meets the 
surface. Let the result of this substitution be [U] =0; it may be written— 


NO+ N'A, + A™VA,U + pA, + vA,)? U + &c., 


ia 


Bie face ae? cela wigs be sei, a gag 
— aE Y dy 2 Fag Re ’ i= M7 to: dy ar oe aaa 
Now since the tangent plane to a surface always meets it in a section having a 


double point, the condition that the plane joining the three given Bp should 
touch the surface, is found by eliminating A, pu, v between 


aU}_, @Ul_, av) 


OSES iain! cence GaP 


or, in other words, the discriminant of the equation [U]. If we suppose two 
of the points fixed, and consider the third to be variable, then the condition so 
found will be the equation of the tangent planes to the surface, which can be 
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drawn through the line joining the two fixed points. We shall suppose the 
point zyzw to be on the surface, and the point 2,y,2,2, to be taken anywhere 
on the tangent plane at that point; then we shall have U=0, A,U=0, and 
the discriminant will become divisible by the square of A,U. For plainly, of 
the tangent planes, which can be drawn to a surface through any tangent line 
to that surface, two will coincide with the tangent plane at the point of contact 
of that line. If the tangent plane at zyzw bea double tangent plane, then the 
discriminant will be divisible by the cube of A,U. If we write, for brevity, 
AZ{U=A, A,A,U = B, AU = C, soas to make the coefficient of A"? in [UV] 
to be written Ay’ + 2Buy + Cr’, then I say that the coefficient of the square of 
AU in the discriminant of [ U] is 
A(B-ACYo, 

where o is the discriminant of the equation when U=0, A,\U=0, A,U=0. 
I have verified this in the case of the equation of the third degree, and I feel 
that I am safe in asserting it to be true in general. In order, then, that the 
discriminant should be divisible by the cube of A,U, some one of these factors 
must either vanish or be divisible by A, U. 

First, then, let 4 =0, or A?U=0. This will be the case if the point 
x'y'z'w' be taken on either of the lines which can be drawn through 2yzzw so 
as to meet the surface in three consecutive points. We shall suppose, however, 
that the point 2’y'z’w’ has not been so assumed, and then, as A does not con- 
tain 2%.2w,, this factor may be set aside as irrelevant to the present dis- 
cussion. 

Secondly, let B?— AC be divisible by A,U. Let it be required to find 
the condition to be satisfied by the point ayzw in order that this should be the 
case. Now if B?— AC’ contain A,U as a factor, any arbitrary right line which 
meets the plane* A,U, will meet 5? — AC; and, therefore, if we eliminate 


®Yo2x. between these two equations and those of an arbitrary right line— 
av + by + cz +dw=0, aa + b'y+ cz + d'w=0, 
the result of elimination, R = 0, must be satisfied identically. This resultant 
Cain nt 


will be of the second degree in abed and in a’b’c’d’ ; of the second, in 2’y'z'v’, 
and of the 4n — 6" in ryzw. 


* N. B.—2.y22,w is here considered as variable; xyzw, as fixed. 
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Now since the discriminant of [U] in general represents a number of 
planes passing through the line joining the points xyzw, a’y'z'w’ ; this line will 
be a multiple line in the locus represented by that equation. And in the pre- 
sent case, where zyzvw satisfies the equation of the surface, and 2’y’z/w' that of 
the tangent plane at the point, it is easy to see that this line is a double line 
on B’ — AC, and a multiple line of the degree n(n — 1)?— 6 on 9. 

If, then, the arbitrary line had been so assumed as to meet the line joining 
ay2w, v'y'z'w', the condition k = 0 would be satisfied even if A,U were not a 
factor in B°—AC. The condition that the two lines should meet (J/=0) will 
be of the first degree in abed, a’b'e'd’ ; xyzw, a'y'zw'; and it is plain that R 
must be of the form W°’H=0. H remains a function of eyzw only, and is of 
the 4(m — 2) degree. 

At all points then of the intersection of the surfaces U=0, H=0, the tan- 
gent plane must be considered as double. # is no other than the Hessian of 
the surface, and its intersection with U is the well-known parabolic curve, at 
every point of which, I have elsewhere shown (“ Cambridge and Dublin Mathe- 
matical Journal,” vol. iil. p. 44), the tangent plane touches the surface in two 
consecutive points. 

We investigate in precisely the same way the condition that A,U should be 
a factor ino. Eliminating between these two equations and those for an ar- 
bitrary line, we obtain a condition of the degree n*— 2n? +n —6 in abed, in 
a'b'c'd’, in a’y'zw’, and of the degree n* — 2n° + n?—13n +18 in zyzw. But, 
as before, this condition must be of the form M""*"§ J=0. J, then, is a 
function of zyzw only, and is of the (n — 2) (m’— n?+n—12) degree. We 
learn hence that all the points of a surface whose tangent planes touch it also 
at a second distinct point, lie on the intersection of the surface U with the sur- 
face J =0, which is of the (n — 2) (n’—n?+4n —12) degree. 

It is easy now to deduce hence the degree of the cuspidal and nodal curves 
on the reciprocal surface. To every point on the cuspidal curve will correspond 
a double tangent plane touching the original surface somewhere on the curve 
UH; and to every point on the nodal curve will correspond a plane touching 
somewhere on the curve UJ. The points where an arbitrary plane meets the 
multiple curves on the reciprocal surface correspond to the planes which can be 
drawn through an arbitrary point, whose points of contact lie on H or J. And 
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since the curve of contact of planes passing through a fixed point is of the 
n(n —1)* degree, the number of points in which this curve meets H and J will 
be 4n(n — 1) (n— 2) and n(n — 1) (n — 2) (n®— nr? + nm —12); a result per- 
fectly agreeing with that which we otherwise obtained in the beginning of this 
section. 

We next proceed to determine p’ and o’, the number of points in which the 
line of simple contact to the reciprocal surface meets its double and cuspidal 
curves. This is obviously equal to the number of double or stationary tangent 
planes which touch the given surface along an arbitrary plane section, and is 
therefore equal to the number of points where an arbitrary plane meets UH 
and UJ. Hence we have 

p =n(n—2) (rn —n? + n— 12), a’ = 4n(n — 2). 
The number of points (4’c’) on the reciprocal surface plainly is equal to the 
number of points of intersection of the surfaces U, H, J; hence 
(U'c') = 4n(n— 2)? (n'— n? + n — 12). 
Now of these points (b’c’) a certain number will be stationary points p’ on the 
curve c’. These correspond to the case where the same tangent plane touches 
the surface along two consecutive points of the parabolic curve. But I have 
proved already (see “Cambridge and Dublin Mathematical Journal,” vol. iii. 
p. 44) that this will happen when at such a point a line can be drawn to meet 
the surface in four consecutive points; and also (see “ Cambridge and Dublin 
Mathematical Journal,” vol. iv. p. 260), that all such points lie on a surface S 
of the degree 1ln—24. The curve US touches the parabolic curve UH. 
Hence the number of points in which U, S, H, intersect gives 
p’ = 2n(n — 2) (11n — 24). 
Every other point (d’c’) will be a point , that is to say, a stationary point on 
the curve b’. For such a point corresponds to a plane which touches the origi- 
nal surface at one point on the parabolic curve, at another on UJ. But from the 
mere fact of the plane’s touching at a point of the parabolic curve, it is a double 
tangent plane: it must then, in two ways, belong to the system which touches 
along the curve UJ; or, in other words, it must be a stationary plane of that 
system. ~ Hence, 
yy = (b'c’) — 2p’ = 4n(n — 2) (n — 8) (n® + 3n — 16). 
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It is also possible to determine @ priori the number of apparent double points 
h’ belonging to the curve ce’. For we can determine the rank of that system ; 
or, in other words, the degree of the reciprocal developable. Two consecutive 
planes which touch along the parabolic curve intersect in the line which meets 
the surface along three consecutive points. 

Now suppose it were required to determine the degree of the surface gene- 
rated by the lines which can be drawn to meet U in three consecutive points 
along any curve UV, where V is of the p” degree; this is done by eliminating 
between 

UO 6 A. =O) APU = 0, 
and the result is of the degree np(3n — 4). 

But in the present case p = 4(m—2); and since the two lines which meet 
in three consecutive points coincide along every point of UH, this result must 
be a perfect square. Hence 

r’ = 2n(n — 2) (3n — 4), 
and 
2h’ = ¢? —¢' —r’ — 3p’ = n(n — 2) {16n*— 64n* + 80n’ — 108” + 156}. 


These are the only singularities of the reciprocal surface which I have been 
able to determine d priort, except the number of cusps and double lines on the 
tangent curve proper to the reciprocal surface; these follow immediately from 
the consideration that this line is the reciprocal to a plane section of the origi- 
nal surface, supposed to be of the n™ degree, and having no multiple points. 
Hence, 

nr = 8n(n—2); 26’=n(n—2) (n?— 9). 

For the sake of convenience, we assemble into a table the results already 

obtained— 

n’=n(n—1)?’. 

a’ =n(n—1); 2b’=n(n—1) (n—2) (n'—n? +n—-12); c =4n(n—-1) (n—-2); 
p =n(n—2) (W®—n?+n—12); o = 4n(n—-2); 
«= 8n(n—2); 28’=n(n—2) (nr -9); 

7=0, p’=2n(n—2) (Lln—24), xy’ =4n(n—2) (n—8) (n> + 3n—16) ; 
2h’ = n(n — 2) (16n* — 64n* + 80n? — 108n + 156). 
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Substituting these values in the equations (A) and (D), we obtain the follow- 
ing system of equations, remembering that n’— 2 =(n—2) (n’ +1), we have 
n(n—1) (n—2) (rn? +1) =8n(n—2) +n (n—2) (n?—n?+n-12) 
+ 8n (n— 2), 
S$. 28 is 
n(n—1) (n=2) SP ABO™ (ya) (nt 41) =n (n—2) (wn? n—12) 
+4n(n—2) (11n-24) +12n (n—-2) (n—38) (n> + 3n-16) + 37, 
4n(n—1) (n- 2) (n? +1) =8n (m—2) + 8n (n-2) (11n- 24) 
+4n(n—2) (n-3) (n+ 3n - 16), 
n(n—1) (n—2) (n? +1) (n?- 2? + n-3)=n(n—2) (n’—9) 
+n (n-1) (n—2) (n?-n?4+n—12)+4+12n’ (n-1)? (n-2) 
—4An(n — 2) (n®—n’? +n-—12) —36n (n- 2), 


Sey L519) 
n(n-1) (n—2)~ ae : (n—2) (n?+1) (n?-2n?+n—-3) 


= Ak’ + 3n? (n—1)? (n—2) (n®—2’ + n—12) 
+ 6n? (n—1)? (n—2) (n?—n? +n—12)—18n(n—2) (11n— 24) 
— 24n(n—2) (n—3) (n'+3n—16) 

—2n(n—2) (W?-n? +n—12), 


4n(n—1) (n—2)? (n? +1) (mn? — 2n?4+n—3) 
= 3n(n—2) (16n*— 64n* + 80n? —108n +156), 
+ 4n? (n—1)? (n—2)+4n?(n—1)? (n—2)? (rn? —n’? +n-12) 
—12n(n—2) (11n—- 24), 
—16n(n—2) (n—3) (nr? + 38n—16) —12n(n— 2). 


On examining these equations it will be found that four of them are satis- 
fied identically, while the remaining two give the values, 


6’ =n(n—2) (n’ —4n°+ Tn’ —45n' + 1140? —111n? + 548n — 960) 
8k’ =n(n—2) (nl — 6n? + 16n' — 54n’ + 164n° — 288n’ + 547n* — 1058n° 
+ 1068n? — 1214n + 1464). 


It would be desirable to test these results by obtaining the number of triple 
tangent planes to a surface of the n™ degree by a different process. I have 
endeavoured to determine this number by the same method by which we deter- 
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mined the nature of the curve of contact of double tangent planes to the sur- 
face. By this method it would be necessary to examine when the coefficient 
of the cube of A,U in the discriminant of [U] (which is of the form 
E(B — AC) +c), vanishes, or becomes divisible by A,U. Ihave not suc- 
ceeded, however, in deriving the theory of triple tangent planes in this way. 


POSTSCRIPT.—( Added Jan. 5, 1857.) 


An interesting application of the preceding theory may be made to the class 

of ruled surfaces, which is obtained by eliminating ¢ between the equations 
At® + Bit? + Ci? &.=0, A’ 4+ BY 14 CP? + &. =0, 
where A, B, &c., are functions of the co-ordinates of the first degree. 

Mr. Caytey has proved (“ Cambridge and Dublin Mathematical Journal,” 
vol. vii. p. 171) that the reciprocal of every ruled surface is a surface of the 
same degree. In fact, since every tangent plane contains a generating right ' 
line, the number of tangent planes which can be drawn through an arbitrary 
right line is the same as the number of generating right lines which meet the 
arbitrary right line. Now if a+b= 4, the degree of the surface we are now 
studying is mw, and it is proved by the methods which I have employed (“ Quar. 
Jour. of Mathematics,” vol.i. p. 252) that the surface contains a double line 
(u—1) (u-2) (u—2) (u—3) (u—4) 

ib, 2 1S 
triple points. The number of apparent double points of this line investigated 
(m—1) (H—2) (u— 3) (34-8) 
2 324 
reason to believe (see p. 471) that this number includes the triple points ; 
wherefore, subtracting their number, as previously determined, we have remaining 


of the degree , on which there are 


by the same methods came out , but I have 


G ae ee ae 
(piss) (re = Ae By +8) for the true number of apparent double points. 


And it will be found that these values agree with the two-following equations, 
derived from equations A and D (p. 465), 
(b—a) (n—2)=3t—«, (2b-—a) (n—2) (n—3) = 8k — 20; 
Bian) 
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for we have 


a=2%n—1), b= LOE?) 5 3(y 9), 8=2(u—2) (n-8). 


1V.—Theory of Higher Multiple Lines. 


In order to complete the subject, I give another independent method of 
investigating the theory of reciprocal surfaces, which is that which I first em- 
ployed (“ Cambridge and Dublin Mathematical Journal,” vol. ii. p. 66). The 
degree of the reciprocal surface, being measured by the number of points in 
which an arbitrary line meets that surface, is equal to the number of tangent 
planes which can be drawn through an arbitrary line to the original surface. 
Now the points of contact of such planes lie on the polar surface of any point 
on the arbitrary right line. Take then the polar surfaces of any two points on 
the arbitrary line ; then the intersection of these two surfaces of the (n —1)* 
degree with the given surface determines n(n—1)? points. The degree of the 
reciprocal of a surface of the n degree is therefore n(n —1)?. Should the 
surface have a double point, this being an ordinary point on each of the two 
polar surfaces, will count for two intersections of the three surfaces. A double 
point, therefore, diminishes by two the degree of the reciprocal of a surface. 

Ex. 1. The surface of the third degree, 


(= Q)G) 


has four double points, namely, the four points where three of the planes 
2, y, %, w intersect: and the reciprocal, whose equation is of the form 


(+) 


is reduced by the four double points to the fourth degree from the twelfth, 
which it otherwise would have been. 

Ex.2. A surface of the fourth degree (for example, Fresnel’s wave surface) 
may have sixteen double points, and in this case the degree of its reciprocal will 
be reduced from the thirty-sixth to the fourth. 
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If the tangent cone at the double point break up into two planes, then, such 
a double point diminishes the degree of the reciprocal by three ; since the two 
polar surfaces both touch the line of intersection of the two planes, which passes 
through three consecutive points of the given surface. Should the two planes 
coincide, the degree of the reciprocal will be diminished by six. 

It remains to trace by this method the effect of a double or other multiple 
line in depressing the degree of the reciprocal. In this case each of the polar 
surfaces will pass through the line in question, and we are led to the problem, 
“Three surfaces have common a certain line,—in how many other points do 
they intersect ?” It will be convenient to commence with the case when the 
multiple line is a right line. 

Before we discuss this problem, however, it is useful to examine carefully 
the nature of the intersection of the curve of simple contact with the double 
line. Ifa surface have a double line, the tangent cone to it from any point con- 
sists of the plane containing the point and the double line (reckoned twice), 
and of the cone of simple contact whose degree is n? —n — 2. Ifnow we con. 
sider the intersection of this latter cone by the plane in question, it is evident 
that (7 — 2) (m—3) of the lines of intersection are the tangents from the point 
to the curve (of degree n — 2), in which the plane cuts the given surface ; and 
before investigation it was natural to think that the remaining 4 (nm — 2) lines 
must be the lines (reckoned four times) to the (n — 2) points, where the double 
line meets this curve. Let, however, the equation of a surface containing a 
double line be 

Aa’ + Bry + Cy + Dy’ + &e. =0 
(where 4, B, C are functions of the co-ordinates of the degree n — 2), then the 
discriminant of this equation, with regard to y, may represent any tangent cone 
to the surface, since the plane y is arbitrary. This discriminant will contain 2? 
as a factor, and if we divide by 2’, and then make «= 0, the remainder will 
be (B? — 4 AC) C? ¢, where ¢ is the discriminant of the equation 


C+ Dy + &e. = 0. 


This proves that the section of the simple tangent cone by the plane a consists 
of the lines which touch the plane section, of the lines (reckoned twice) to the 
points where this section is met by the double line, and besides of lines to what 
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I have called the cuspidal points on the double line (see “ Cambridge and Dub- 
lin Mathematical Journal,” vol. ii. p. 72), viz., the points at which the two tan- 
gent planes to the surface coincide ; for these points are determined by the 
condition B? = 44 0.* It will be found, in like manner, that if the surface have 
a triple right line, there will be on that right line 4 (m — 3) points, at which 
two tangent planes coincide, and that the lines to these points are edges of the 
cone of simple contact ; and, generally, that if the surface have a right line of 
the degree p of multiplicity, there will be on that right line 2(p—1) (n—‘p) 
points, the lines to which are edges of the cone of simple contact. 

We return now to the case of a surface having a double line. Any two 
polar surfaces will then pass through that line, and the question is, in how 
many points not on that line will they intersect the original surface. 

We give first the solution of the question. Three surfaces, whose degrees 
are a, b, c, have a right line common,—in how many other points do they in- 
tersect ? The intersection of the first two surfaces consists of that line and of 
a curve of the degree ab — 1, which latter meets the third surface in ¢(ab—1) 
points. But a certain number of these points will lie on the right line in 
question. In fact, let Ax + By =0, Cx + Dy = 0, represent two surfaces 
having a right line in common, and of the degrees a and 6 respectively, then at 
the a + b —2 points, where the right line zy meets the surface AD= BC, the 
two surfaces will have the same tangent plane, and therefore (see “ Cambridge 
and Dublin Mathematical Journal,” vol. v. p. 34) this right line will meet the 
remaining (ab—1) curve of intersection. Subtracting this number (a +b—2) 
from the number c(ab—1) previously found, we learn, that if three surfaces 
have a right line common, this will replace a+b+c¢—2 of the points of 
intersection. 

Let us now apply this theory to the case with which we are concerned. 
The two polar surfaces intersect in the double right line, and also in a curve of 
degree (n—1)?—1, which, according to the theory just explained, meets that 
right line in 2n—4 points; namely, the cuspidal points on the double line. 
Since at each of these points the two polar surfaces will touch the original sur- 


* Jt was in the manner given in the text that I was led in the year 1846 to the consideration 
of these cuspidal points. It is obvious that this includes a theorem concerning discriminants 
which has been since stated by M. JoacHIMsTAL. 
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face at a point in a double line, each of these points counts for three among the 
intersection of the three surfaces. The points then not on the double line in 
which the three surfaces intersect is n|(n—1)’—1}—3x(2n—4). Or the 
double line diminishes the degree of the reciprocal by 7n—12, as we proved 
otherwise, p. 467. Or again, the intersection of the given surface with one of 
the polar surfaces consists of the double line, and of a curve of the degree 
n(n—1)— 2, meeting the right line in 8n—6 points. For asurface A2?+ Bry 
+ Cy having a double line, meets any other Dx + Ly passing through that line, 
in a curve which meets that line in the a+ 2b—4 points where the line meets 
Al’—BDE+CD*. Ofthe 3n—6 points, 2n—4 are the cuspidal points, the 
remaining n—2 are the points where the line meets a certain plane section. 
And the points of intersection (not on the double line) of the three surfaces 
are (n—1){n(n—1) —2}—2(2n—4)—(n— 2), as has been already found. 

In general, if a surface have a right line of the degree p of multiplicity, 
this will be a (p—1) multiple line on each of the two polar surfaces, which 
will intersect besides in a curve of the degree (n—1)’—(p—1)?. And the 
latter curve will meet the right line in the 2 (p—1) (m—p) points of special 
contact previously noticed. It will, therefore, meet the surface in points not 
on the multiple line n|(m—1)? —(p—1)?}— (p—1) 2(p—1) (n—p). The mul- 
tiple line, therefore, diminishes the degree of the reciprocal by (8p +1) (p—1)n 
—2p(p’-1). Or again, the original surface intersects any polar surface in a 
curve of the degree n(n —1)—p(p—1) meeting the right line in the 2(p—1) 
(n—p) points of special contact, and in n—p other points. And the three 
surfaces will intersect in points not on the multiple line, 


(n—1) (n(m—1)—p(p—1)}—p.2(p—1) (n—p)—(p—1) (n-p), 
which agrees with the result obtained already. 

I next investigate the diminution produced by the multiple line in the 
number of cuspidal and double edges of the cone of simple contact. 

The cuspidal edges answer, as has been before proved, to the intersections 
of the surface with a first and second polar surface ; and the multiple line is 
of the degree p—2 on the latter surface. I have satisfied myself that the for- 
mula for the number of intersections of the three surfaces is, 


(n—2) {n(n—1)—p(p—1)}—(p—2) 2(p—1) (n—p) —(p—1) (m—p). 
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The diminution, therefore, in the number of cuspidal edges of the cone is, 


3(p—1)’n—p(p—1) (2p—1). 

To investigate the diminution of the number of double points: we have 
already seen that the cone of simple contact intersects the plane through the 
multiple line in three distinct classes of edges, viz.: a, tangents to the plane 
section ; 6, lines to the points where the multiple line meets that section; and 
c, lines to the points of special contact. Now, I have satisfied myself that the 
formula for the intersections of the curve of contact with the curve which 
determines the point of contact of double edges of the tangent cone is 


(n—2) (n—8){n(n—1) —p(p-1)}—p(p—1)a—2(p—1) (p—2)b 
—~(p—2) (p—8)e. 
Putting in this formula the values pay ie 
a=(n—p)(n—p—-1), b=n-p, e=2(p—1) (n—p), 


we obtain for twice the reduction in the number of double edges, 


2p(p—1)n*—(p—1) (14p—8)n—p(p—1) (p— 9p + 2). 
Now since the degree of the tangent cone is reduced from n(n—1) ton(n—1) 
—p(p—1), the degree of its reciprocal is reduced for this reason alone, by 


2p (p—1)n?— 2p(p—1)n—p(p—]) (ep +1). 
Subtract from this twice the reduction in the number of double edges, and 
three times the reduction in the number of cuspidal edges, and we get the same 
value as before for the reduction in the degree of the reciprocal. 

I now proceed to examine the effect on the degree of the reciprocal produced 
by a multiple curve in general, and commence with the case of a double curve, 
which is supposed to be of the degree p, and rank p (the rank being the degree 
of the developable generated by its tangents). The intersection of the two polar 
surfaces consists of the curve p, and of another curve of the degree (n—1)’—p, 
and the question is, in how many points do these two curves intersect. Now, 
I say, in general that if two surfaces of degrees m and n have the curve 
common, it will intersect the remaining curve of intersection in u(m+n—2)—p 
points. In fact, we might seek the points on the curve » where the surfaces 
touch, by first finding the locus of points such that the intersection of its polar 
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planes, with respect to the two surfaces, shall meet an arbitrary right line, and 
this is immediately found to be a surface of the degree (m+n—2). Now the 
curve # meets this surface either in points in which the two given surfaces 
have common tangent planes, or in the p points, the tangent to » at which 
meets the arbitrary right line.* Hence, in the case we are discussing, the 
curve m intersects the curve (n—1)?— » in w(2n—4)—p points. But of 
these p are the points the tangents to m at which meet the arbitrary line 
through which we are seeking how many tangent planes can be drawn to the 
surface, and the remaining «4 (2n—4) — 2p are cuspidal points. And the formula 
for the intersection of the three surfaces is 


n{(n—1)?—p} — 2p— 3\p (Qn —4) — 2p}, 
or the diminution in the degree of the reciprocal is «(7 — 12) — 4p. 

The surface is intersected by any polar surface in the curve » (reckoned 
twice), and in a curve n(n —1) — 2u, which meets » in the cuspidal points, 
and in the «(m — 2) other points, where the curve meets the second polar 
surface. 


In like manner, if the curve p be of the order p of multiplicity on the given 
surface, the points ¢ of special contact will be in number 


2u(p—1) (n—p)—p(p—1)e; 
the points 6 will still be »(m — p), and the edges a, where the cone of simple 
contact intersects the cone standing on the multiple line, will be 
u(n—p) (n—p—1)—e(uH—-1) p(p—1) +p(p—1)p. 
Hence, proceeding precisely as before, we obtain for the reduction in the de- 
gree of the reciprocal, 
u(p—1) (3p + 1) — 2up (p?— 1) — p(p — 1) p; 


for the reduction in the number of cuspidal edges of the cone of simple contact, 


#13 (p—1)Pn—p(p—1) (2p—1)}—p(p—1) (p—2)p; 


* JT owe to Mr. Cavey this demonstration of a theorem, of which I have given a less satis- 
factory proof (‘‘Camb. and Dub. Math. Journal,” vol. v. p. 35). 
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and for twice the reduction in the number of its double edges, 


2up(p—1)n*—p(p—1) (14p—8)n+up(p—1) (8p—2)—p*(p—1)'n! 
+p(p—1) (4p—6)p. 
As a verification of this formula, let the surface m consist of p surfaces of 
the m'* degree, all having the same curve p for their complete intersection, then 
=m, n=pm, p= 2m>(m—1), and the formula for the reduction in the 
degree of the reciprocal becomes 


m?| p(p—1) (8p-+1) m— 2p(p?—1) —2p*(p—1) (m—1)} 
= p(p>— 1) m®— 2p (p—1) m’. 
But this is the difference between mp (mp —1)* and mp(p—1)?. 

J have endeavoured to apply this theory also to the class of ruled surfaces 
which I have considered (“Cambridge and Dublin Mathematical Journal,” 
vol, viii. p.45) generated by a right line resting on three directrices ; and I 
have succeeded in verifying the theory in the case where two of the directrices 
are right lines. In this case, if the degree of the third directrix be p, the sur- 
face is of the degree 2, and each of the right lines are multiples of the degree 
pu. Now it is easy to see that the effect of two non-intersecting multiple lines, 
in diminishing the degree of the reciprocal, is the sum of their separate effects, 
and therefore, putting p =p, 2 = 2u, in the formula already obtained, the degree 
of the reciprocal is reduced by 8u(#—1), but this is exactly the difference 
between 2u(2u—1)? and 2u. It is to be observed, however, that the ruled 
surface in question has, as I have proved in the memoir referred to, not only 
the two directrices for multiple lines, but has likewise a certain number of 
generatrices which are double lines, and it is necessary to show that these have 
no effect in depressing the degree of the reciprocal. Let there be A such lines ; 
now it is evident that the degree of the tangent cone is less than it otherwise 
could have been by 2A, while I shall show that the number of cuspidal edges 
of this cone is less by 6A than it otherwise would have been. For we have 
proved that the number of cuspidal edges is diminished by three times the 
number of points where each double line meets the second polar surface, whose 
degree is 24—2: but since the directrices are multiple lines on that surface of 
the degree » — 2, subtracting twice this number from 2y — 2, there remain but 
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two points on each of the double lines which affect the number of cuspidal 
edges. The number of stationary tangent planes continues = 0 as before ; but 
in any cone having no stationary tangent planes, if we diminish the degree of 
the cone by any number, and the number of its cuspidal edges by three times 
the same number, the degree of its reciprocal is not altered. 

I am not able in general to apply this theory to the next simplest class of 
ruled surfaces, viz., those generated by a right line resting on one right line and 
two curvilinear generatrices of degrees p, »’ respectively. The degree of the 
surface will be 2uu’, and the right line will be multiple of the order py’, and 
the curves of the orders yw’, », respectively. There will be a double curve of 

/ / i 
the degree [at least ?] es which each generating line meets 
in (« —1) (y’—1) points. A certain number of generators are also double lines 
(see “‘ Cambridge and Dublin Mathematical Journal,” vol. viii. p 46). I can 
satisfactorily explain the case where p = p’=2, but, as I have said, I cannot 
completely account for the general case. 

I have also examined the ruled surface generated by a right line resting 
twice on a given curve of degree p, and once on a right line. This will have 
the curve and right line for multiple lines, and, in addition, a double curve of 
the degree [at least ?] / ieee a a ee a dis satisfactorily account 
for the case # = 3, and also when the curve is the intersection of two surfaces 
of the second degree ; but I do not know the theory of the general case. 


Nore.—February 12, 1857.—I have just received the “ Quarterly Journal 
of Mathematics,” No. 5, which contains a paper by Professor ScHLAFLI, going 
over some of the ground traversed in the present memoir. In particular, 
Dr. Scutarui obtains the values given (p. 477) for 2’, n’, b’, c’, p’, and y’;—of 
these I have already published n’, c’ (“Cambridge and Dublin Mathematical 
Journal,” vol. iv. p. 188), and given methods which lead to the determi- 
nation of b’, B’, y/ (“ Mathematical Journal,” vol. iv. pp. 119, 260). 
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Dr. ScHLAFLI does not determine the number of triple tangent planes V’, 
but he gives the following equation, 
4A + 6t/ =n(n— 2) {n’ — 4n? + Tn? — 45n* + 1480’ — 115m? + 508n — 912}, 
where A is the rank of the developable formed by the double tangent planes. 
Now A is given by the equation 

A =b?— Dd! — 2k’ — 6t' — 3y’; 
and on substituting for these numbers the values already given, we find 
A =4n(n—2) (n— 38) (n? + 2n— 4), 


a value which satisfies Dr. ScHtArui’s equation. Ifthe arguments by which 
he has arrived at it turn out to be well-founded (a point which I have not yet 
had time to consider), there seems reason to hope that the theory of reci- 
procal surfaces here given will admit of considerable simplification. 
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VII.—On the Molecular Formation of Crystals. By Rosert T. Forster, A.M. 


Read May 14, 1855. 


ALL the theories which have been advanced to account for the phenomena of 

crystallization have been, with one exception, but short-lived; and indeed it 

may safely be doubted if any occupy such a position as to entitle them to much 
‘credit. 

The subject is one of much interest; and although the consideration that 
so many able minds have failed in the attempt to investigate it may naturally 
deter an inquirer, still, the prize is sufficient to persuade him to hazard the 
attempt. 

I shall first take a short review of the many theories which have been ad- 
vanced in explanation of the phenomena, and I trust I shall be able to show 
that some were unquestionably faulty, and all undoubtedly and confessedly 
deficient. 

Passing by the many absurd theories advanced on the subject in ancient 
times, the first whom we find deserving of notice is Curistian Huycens. In 
his celebrated work on Double Refraction he considered the crystals of Iceland 
spar to be built up of spheroids, which, by their unequal density, separated the 
incident light into two rays. He did not, however, show why the spheroids 
are so aggregated. 

Such was the germ ofa theory which, in the hands of WotLaston, Brewster, 
and Dana, has obtained some status. None of these writers, however, have 
taken the smallest account of cleavage, a phenomenon which is certainly the 
most remarkable in the whole of crystallography, and which was the origin 
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and basis of the theory of Haty. We shall presently prove how his theory 
also signally failed. 

The theory of Huycens only applied to the third system; but the con- 
struction of crystals in the first follows as an easy consequence from it. (In 
order to avoid error, it is necessary to state that the systems and names made 
use of are those of Roser.) 

Hook, in his “ Micrographia,” advanced a similar hypothesis, except that he 
considered the atoms to be spherical—a supposition which would have ac- 
counted for forms in the first or regular system, but which would have utterly 
failed in case of the third, or rhombohedral, to which he applied it : nor does 
he perceive that the molecules, if left to themselves, would not assume a defi- 
nite arrangement. He does not seem to consider these spheres as the ultimate 
atoms: he says that, having already shown how a fluid will naturally assume 
the spherical form, he will proceed to show how these spheres will unite to 
form a crystal. His experience, in common with many old writers, seems to 
have been confined to crystals of quartz;—in fact, some of them went so far as 7 
to think that everything crystallized in virtue of the quartz it contained. 

The next who commanded attention was M. Precut. DE Brun, whose ideas 
were, to a certain extent, the same as those of Hooks, inasmuch as he consi- 
dered a fluid to be made up of soft molecules; but he also considered, that 
while the body was undergoing its change of state, they suffered a change 
of form; and that under different degrees of pressure different crystals were 
produced. 

Dr. Wotraston has fully demonstrated that this theory is totally erroneous 
in a mathematical point of view. Dr. Wottasron also, in the same article, 
which is published in the “ Philosophical Transactions,” propounded a theory 
to account for the formation of the ordinary octahedron and tetrahedron. He 
considered the molecules to be simply spheres mutually attracting each other, 
and he stated that such molecules will combine, as shown in Fig. 3, and thus 
form a tetrahedron. This, however, is certainly not the case ; for if we consi- 
der the first spherical atoms which unite to form the crystal, it is evident that 
the first four will assume the form shown in Fig. 1; and a fifth atom will attach 
itself, as shown in Fig. 2, that being evidently the position of equilibrium; but 
if we examine Fig. 3, we find that any five adjacent spheres occupy such posi- 
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tions as shown in Fig. 4, or such as shown in Fig. 5, neither of which are posi- 
tions of equilibrium. 

Wo taston himself seems to have some lurking doubts of the validity of 
this assumption, as he begins by showing how the particles will become aggre- 
gated if on a plane, and then from this basis builds up the tetrahedron: this, 
however, is the very way in which crystals do not form. 

The octahedron, of course, was easily deduced by removing the corners of 
the tetrahedron. He also formed the rhombohedron, by placing a pyramid of 
spheres on two opposite faces of the octahedron, and accounted for the different 
rhombohedrons by considering the spheres to become spheroids. He did not 
perceive that the planes of cleavage would in such a case be four in number ; 
nor is it to be supposed that he would have advanced such an hypothesis if he 
had been acquainted with the theory of Huycens, which not only accounts for 
this form, but is in strict accordance with the known phenomena of cleavage. 
He also makes some observations with regard to the cube, but they are vague 
and indefinite, and indeed cannot be said to be a theory at all. 

Next in order of time, and first. in merit, was the Abbe Haty. His theory, 
as we have already stated, had its origin and groundwork in the phenomena of 
cleavage. His great merit lies in being the first to advance the theory of 
decrements, which is, perhaps, one of the most successful in the whole range of 
physical science. He perceived that many crystals were liable to cleavage, 
and that in many cases new solids were thus obtained: he was led from this 
to consider, that if this cleavage were continued long enough, we should uiti- 
mately arrive at the element itself; and he assumed, without sufficient founda- 
tion, that this element should have the same form with the solid obtained by 
cleavage. This element itself he considered to be further divisible into what 
he called the absolute atom. 

The forms which he considered these elements or nuclei to have were the 
tetrahedron, parallelopiped, and the three-sided prism. With these he clearly 
accounted for nearly all primary forms ; and by means of his theory of decre- 
ments ably included the secondary : but in case of the tetrahedral cleavage, 
his theory signally failed, for no one solid can be obtained by this cleavage, in- 
asmuch as tetrahedra will not, however united, fill space. The only way in 
which this difficulty could be got over was by supposing that the tetrahedral 
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molecules were united by their corners, or that the crystal was formed of tetra- 
hedral and octahedral molecules mixed. The necessity for such an arrangement, 
so unaccountable, and so totally at variance with the rest of his theory, was 
evidently subversive of it. 

However easy it may be to divide a crystal into any number of molecules, 
it is by no means so easy to build up a crystal of these molecules ;—in fact, he 
does not seem to have considered the problem as a physical one, nor to have 
investigated at all how the molecules could have united. To any one viewing 
the question in such a light, the difficulties of showing how such molecules 
could come together would appear insurmountable, if not subversive of the 
theory which gave them birth. No such difficulties exist, however, when we 
consider the atoms spherical, and attached to each other by means of poles, or 
centres of force : we can then begin with the individual atom, and trace it as 
it becomes part of a crystal, and as other atoms become attached to it. 

Such is the system of Mr. Dana, the American mineralogist. To him be- 
longs the merit of clearly pointing out how some hemitrope crystals occur. The 
first idea, however, undoubtedly originated with Sir DAvip Brewster, who 
stated the fact- without explaining it. To give a detailed account of this theory 
is not my intention : suffice it to say, that the completeness and beauty of this 
part of it carry with them an irresistible conviction of its truth, so far as it goes, 
resembling in this respect the theory of decrements of Hat, which, despite 
the errors of his system, still remains, and applies where the particles are sup- 
posed to be spheres as well as where they are supposed to be cubes or tetra- 
hedrons. 

Dana considered the particles to be spheres or ellipsoids, possessing six 
poles or centres of force on their surface: three of these poles were of one 
name, and three opposite of another—those of a like name repelling, those of 
an unlike attracting each other. He explained the formation of twin crystals 
by showing how two molecules may unite at a point intermediate between two 
or three poles. 

In Fig. 6 is shown the arrangement which he supposed the poles to have ; 
the intersection of the circles shows their position ; and in Fig. 7 the form into 
which the molecules will pile themselves. This was the only primitive form 
which he supposed to exist in the first system; and accordingly, he left quite 
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unexplained the different cleavages which are found ;—in fact, he took no notice 
whatever of cleavage, except some unintelligible remarks, and did not even 
perceive that this formation would give rise to the cubical cleavage, and no 
other,—a fact which we shall presently prove. 

Thus we have the two most successful systems, those of Haty and Dana; 
the first founded on the phenomena of cleavage, an attempt which, as we have 
seen, totally failed: the second altogether throwing aside the consideration of 
what is the most important and remarkable of all the phenomena of crystalliza- 
tion. The success of Haty’s theory of decrements depends solely on the fact, 
that what he applied to cubes is equally applicable to spheres ; but it is to be 
remarked, that it would have completely failed if he had attempted to apply it 
to the other forms of molecules which he supposed to exist—in other words, 
his own theory failed completely when applied to his own system. We can 
only ascribe to a fortuitous circumstance the truth of a theory which has its 
very foundation in error. 

Dana, however, was right so far as he went, and his theory will actually 
go a little farther than even he took it, for the formation which he supposed to 
exist will explain the cubical cleavage. The phenomenon of cleavage is a very 
remarkable one, and it may be said that the existence of several directions in 
which the crystal divides with less than the ordinary resistance is the origin of 
this phenomenon. It is evident that in any crystal where the faces are plane, 
and the molecules accordingly arranged in layers, the direction of that divi- 
sion which will give the least resistance will be some plane, and that this plane 
will be symmetrically situated with regard to the crystal, and that there will be 
as many planes as there are corresponding parts of the crystal, provided the 
poles of each molecule have the same attractive power. Thus, in the first sys- 
tem, where all the poles are naturally of the same strength, the number of planes 
of cleavage is either three, four, or six ; so, if a cube be divided by planes pa- 
rallel to the faces, the number of different directions in which it will be divided 
is evidently three: if it be divided by planes tangential to an edge, as the 
edges are twelve in number, parallel two and two, the number of cleavage 
planes will evidently be six; and if by planes replacing the corners, since the 
corners are eight in number, the cleavage planes are in number four. In order, 
then, to ascertain what will be the cleavage in any formation, we must look for 
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a plane where the cohesion is least, or, in other words, for a direction of least 
resistance. In Dawna’s formation (Fig. 7), it is evident that any division 
parallel to a face will separate each molecule from one other only, or, in other 
words, will overcome the cohesion of one pole in each molecule, while a divi- 
sion in a plane replacing an edge would separate each molecule from two 
others; and in a plane replacing a corner, from three others. The plane 
parallel to a face is evidently, then, the direction of least resistance, and will 
be the direction of cleavage. But there are two other cleavages—the very two 
to which we have been alluding—namely, tangential to the edges of the cube, 
and truncating the corners, which we shall for the future call the dodecahedral 
and octahedral cleavages, and which we shall now endeavour to explain. 

If the molecules be spheres, each having twelve poles, or centres of force, 
on its surface, the form which they will assume is the tetrahedron. Such a 
molecule is shown in Fig. 8. The intersection of the great circles shows the 
positions of the poles: these poles evidently lie six and six on great circles : 
these circles are four in number, inclined to each other at the same angle as 
the faces of the tetrahedron (70° 31’ 44’), and are evidently divided each by 
the others into segments of 60°. The arrangement of the poles is perfectly 
symmetrical. For if any two of these spheres become united by two of their 
poles, they will assume such a position as shown in Fig. 9, that is, the relative 
positions of all the poles will be the same in consequence of their mutual 
attraction: if they become attached in any other position, they will rotate round 
a common axis till they occupy that position : a third will unite itself, as 
shown in Fig. 9, for the very same reasons; while a fourth would attach itself 
by its three poles, A’, B’, C’, (Fig. 10) to the three poles A, B, C; for, since 
all the arcs joining these poles are 60°, these poles are the very points at 
which the spheres touch each other. We have now a tetrahedron formed, and 
by precisely analogous reasoning we can continue the process of formation. 

It will be observed that a fifth molecule, if attached, will be in a plane with 
three others, and will only touch two, a result to the necessity of which I have 
already adverted when speaking of Dr. Wotxasron’s hypothesis. 

We have seen how a tetrahedron may be formed: we will now investigate 
how it may be modified. 

If a row of molecules along each edge is deficient in each consecutive layer, 
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planes will appear replacing the edges tangentially (vide Fig. 11). This can 
be readily demonstrated. 

The face thus formed will belong to the cube. In Fig. 12 we have a repre- 
sentation of the crystal so produced ; it is the same as that in Fig. 11. We 
have now seen that the union of the cube with the tetrahedron follows as a 
natural consequence from our hypothesis of twelve poles ; but it would not be 
at all so easy to see, on the hypothesis of six poles, how four corners of a cube 
can be modified, and not the remaining four ;—in fact, it would be directly 
contradictory to the laws of symmetry. We have already seen that the hypo- 
thesis of six poles explains the cubical cleavage ; but it is a fact that no crystal 
possessed of cubical cleavage exhibits the tetrahedral form, or that of any of its de- 
rivatives. We have, hence, a striking confirmation of our hypothesis. In 
precisely analogous ways we can deduce the octahedron, the dodecahedron, the 
ikositetrahedron—in fact, every form of the first system, except hemihedral 
forms with parallel faces, namely, the pentagonal dodecahedron and the hemi- 
octakishexahedron ; but it is well known that these two forms are never found 
in combination with the tetrahedron, or any other hemihedral form without parallel 
faces. Were is another fact which gives the strongest support to our theory. 
We thus meet with two remarkable and isolated exceptions, which, viewed as 
matters of experiment, are sufficiently singular, but which follow as a beautiful 
and natural result of theory. 

We have already seen that in case of the cubical formation, where the 
poles are six in number, the cleavage is parallel to the faces. We have shown 
that there will always be some plane of cleavage, and that it will always be 
the direction of least resistance. But in the case of twelve poles, in the 
tetrahedral formation before us, it is easily seen that the cleavage is again 
parallel to the faces ; for there are only two possible planes of cleavage, namely, 
parallel to the faces and tangential to the edges; but cleavage parallel to the 
faces evidently separates each molecule from three others; while cleavage 
tangential to the edges separates each from four others: the former is, of 
course, that of least resistance. 

We will now show how spherical molecules may assume the form of the 
dodecahedron, and will then proceed to prove that this formation will give 
rise to the dodecahedral cleavage. 

372 
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If each sphere have eight poles, situated in the same relative positions as 
the corners of the cube, they will, if under no disturbing influence, assume the 
form of the dodecahedron ; for if any sphere attract eight others, they will be 
arranged as shown in Fig. 13; that is, their centres will occupy the same posi- 
tions as the corners of a cube, but also their poles will all have the same posi- 
tions as regards the eye, for their mutual actions will cause the spheres to turn 
on the points of mutual contact till they have such an arrangement. These 
eight will be attached simultaneously, and immediately six others will become 
attached to them, as shown in Fig. 14. It is evident that as the crystal grows, 
the same form is retained (Fig. 15). Such a crystal will be liable to modifica- 
tion in the same manner as those already discussed, and thus all forms may be 
built up. With regard to the cleavage of such a crystal, it is easily deduced 
by referring to the principles already made use of. The three possible planes 
of division in this formation are planes replacing an angle, replacing an edge, 
and parallel to a face. It is evident that the last is the natural one, for it sepa- 
rates each particle from two others, while that replacing an edge divides each 
particle from three ; that replacing an angle, from four others. 

We have now reviewed all the forms of the first system, and have endea- 
voured to show under what circumstances the different cleavages will take 
place. 

We have now to consider the other systems. As I have already said, 
Dana has shown how the forms in these systems will arise from the molecules 
being spheroids or ellipsoids, the length of whose axes and the position of 
whose poles are in every case given by the length and obliquity of the axes of 
the crystal; but, as in the case of the first system, he has given but one forma- 
tion for each of the other systems. We have already seen that this leaves 
unexplained the cleavage in the first, and the same is true for the others also. 
He considers the molecule in the second or dimetric system to be an ellipsoid 
of revolution with six poles, as in the first system. This will easily explain the 
prismatic and basal cleavages, but it will not account for the octahedral. 

It is to be remarked, that in this, and every system except the first, we can_ 
not expect that any poles will have the same strength except those of the same 
kind. We find, accordingly, that from the inferior strength of two of the 
poles, cleavage will exist in one direction only, or, as is often the case, may be 
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eminent. Thus, in the second system, we have cleavage parallel to the termi- 
nal plane only, because the poles at the extremities of the longer axes are the 
weakest : we have also cleavage parallel to the faces of the prism. When the 
contrary is the case, both these cleavages occur when the poles are six in num- 
ber : but we have seen that the octahedral formation occurs in the first system 
when the poles are twelve in number ; and it is easily seen that it will also 
occur in the second system under similar circumstances. 

The arrangement of the poles is shown in Fig. 16: the poles, as in Fig. 8, 
lie six and six on ellipses which are four in number, and inclined to each other 
at the same angles as the faces of the octahedron which they unite to form. If 
any number of such ellipsoids unite by the poles A, B, C, D, they will be dis- 
posed as shown in Fig. 17, which is a section in the plane of these poles : 
another ellipsoid will become attached by its terminal poles (a, b, c,d) to the 
four poles d,d’,d’,d’’: another will be attached opposite to it, and thus an 
octahedron will be formed. It is easily seen that the cleavage will be parallel 
to the faces of the octahedron; for, as in the formation of the first system, that 
cleavage will separate each molecule from three others; while the prismatic 
cleavage would separate each from four others. The poles are also of the same 
kind, taken in this manner, three and three, and accordingly all the cleavages 
will take place with the same facility. 

It is evident that the tetrahedron will also be formed in the same manner. 

We thus see that four molecules may first unite, as in Fig. 17, or three, as 
in Fig. 18, it being merely a matter of accident which result takes place. We 
have in the first case proved that the resulting form is the octahedron, and in 
the second the tetrahedron: thus we have a simple explanation of a fact which 
at first sight appears singular, that under the very same conditions we may 
have either the holohedral or the hemihedral form. 

Thus we may have the tetrahedron of the second system; and by means of 
decrements we can readily explain the dioctahedron and hemidioctahedron. 

In the third, or rhombohedral system, the rhombohedron will be formed, 
if the molecule be an ellipsoid of revolution, and the poles are placed at the 
extremities of three equal conjugate diameters. This Dana has explained. 
The rhombohedral cleavage will also take place under similar circumstances ; 
but we have two other cleavages, namely, that parallel to the faces of the hex- 
agonal prism, and that parallel to the base of the prism; and these will evi- 
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dently occur if the molecules have eight poles—two at the extremities of the 
principal axis of the molecule, and six round the circumference of a circular 
section through its centre. If these six poles are stronger than the two others, 
the cleavage will be basal; if not, lateral; and if they all have the same 
strength, both cleavages will coexist. 

We have thus shown how the primary forms of the rhombohedral system 
may be produced. The secondary forms can, of course, be explained on the 
same views. Thus, the dodecahedron can be easily deduced by means of de- 
crements from either the rhombohedron or the hexagonal prism; and thus it 
may have either cleavage, and may be found in combination with either of 
these forms. The didodecahedron may be obtained in a similar manner. The 
hemihedral forms of these solids are of course deduced in the same manner as 
the holohedral. The cause of their occurrence in general we have already 
explained. 

In the fourth, or trimetric system, where the crystallographic axes intersect 
at right angles, and are all unequal, the molecule is evidently an ellipsoid. If 
the poles are situated at the extremities of the axes of this ellipsoid, the form 
produced will be a prism with a rectangular base. As the poles are unlike, it 
is evident that cleavage may exist in such a form parallel to any of the faces. 
There is, however, another cleavage, namely, parallel to all the lateral faces of 
a prism, having a rhomboidal base; and this will arise if the lateral poles are 
situated at the extremities of equal conjugate diameters. Dana has explained 
the formation of both these prisms. 

The secondary forms can be easily deduced in a manner precisely ana- 
logous to that in which we have deduced those of the other systems. 

The formations of the two remaining systems take place in precisely analo- 
gous ways. To enter into an explanation of all the combinations could only 
prove tedious. I shall, in conclusion, show that the phenomena of hemitrope 
forms and twin crystals are in strict accordance with, and can be readily 
explained by, the hypotheses which I have advanced; and further, that some 
of them can be explained on these views, which were quite unintelligible on 
Dana's hypothesis. 

One of the best known cases of hemitropism in the first system is where 
one half of an octahedron is rotated on another, through an angle of 180°, the 
plane of separation being parallel to an octahedral face. Such combination is 
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found in crystals of spinel,a mineral in which the cleavage is octahedral. We 
must, accordingly, show how it may take place, on the hypothesis which 
explains the octahedral formation, A plane joining the three poles A, B, C, 
(Fig. 10) is evidently parallel to a face of the octahedron of which the mole- 
cule forms a part. Hence, if two such molecules be united by two points equi- 
distant from three such poles, they will each become the origin of a crystal ; 
and since they will naturally assume a symmetrical position with regard to each 
other, A opposite A’, &c., these two crystals, of which they are the origin, will 
be similarly situated. Also, since each crystal prevents the other from growing, 
except in a direction away from itself, they will together make up only one 
crystal. Thus, the halves of two crystals similarly situated are evidently the 
same as the halves of the same crystal rotated on each other through 180°. 
Crystals are also found in which the cleavage is octahedral, and composition 
has taken place parallel to a face of the cube: such are some crystals of 
diamond. These forms will result if two molecules, such as in the last case, 
unite at a point of equilibrium between four poles. We have seen that the 
dodecahedron of the first system may be built up of molecules having eight 
poles; and I have stated that the molecules, as they unite, will occupy such a 
relative position that the poles will be disposed symmetrically. Although that 
is unquestionably the normal position of equilibrium, yet there is evidently 
another position in which two such spheres may unite by two poles, namely 
one 180° remote from this. Such is a position of unstable equilibrium ; but it 
is one which, if nothing occurs to destroy it, will become the basis of a crystal. 
Two such molecules will be the germs of two crystals, which, from the peculiar 
circumstances under which they are formed, together exhibit the parts of one 
crystal: they will be united by a plane parallel to a face of the octahedron, and 
will exhibit the dodecahedral cleavage. Crystals of blende are found of this 
formation. We might also have two such spheres united by two points inter- 
mediate to four poles, the lines joining which would form a face ofa cube; and 
if these molecules became the centres of formation, we would have a crystal 
with dodecahedral cleavage, and hemitropism on a cubic face. Such a crystal, 
however, could not be distinguished by the eye from an ordinary cube. In 
fact, there are certainly twelve positions in which two such molecules might 
unite and be in equilibrium. The question is then merely one of probability as 
to which combination may most readily take place. Those combinations which 
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we have mentioned are cléarly the most likely to happen, and they are those 
which have been found in nature. 

Cases in which hemitropism has occurred, and where the crystal has cubi- 
cal cleavage, have been already explained by Dana. As, however, his theory 
could not account for the octahedral or dodecahedral formation, it could not 
possibly show how such crystals might be subject to hemitropism. I trust that 
I have shown that the theory which I have put forward is not wanting as 
regards this test. 

In Fig. 19 is given a representation of a crystal of spinel in which compo- 
sition has taken place parallel to two octahedral faces. Fig. 20 represents a 
dodecahedron in which composition has taken place parallel to an octahedral 
face. These may be taken as instances of twin formation, where the parts 
together make up only one crystal. There is, however, another descrip- 
tion of crystals which have been generally placed in the same category, namely, 
those in which the complete parts of two crystals appear. There does not 
seem to be any reason why these should be classed as twin crystals at all, 
except to preserve the rule that simple crystals are never found with re-entrant 
angles. In Figs. 21, 22,* instances of this sort of formation are shown ; 
they can evidently be explained on the very same principle of decrements as 
all other secondary forms. These hemitrope forms are known to be very 
numerous: to enumerate all of them would be both tedious and unnecessary. 
I shall content myself with one example illustrative of the cases in which 
Dana's hypothesis fails, and where it is necessary to suppose the existence of 
twelve poles. In Fig. 23 is shown a crystal of copper pyrites, which evidently 
consists of six octahedra united by their extremities. It is not possible to 
conceive how six of Dana’s molecules could unite in this manner; but it will 
readily take place when the poles are disposed as shown in Fig. 16, the four 
poles at the extremities of the molecule uniting in this position. It is also to 
be remarked, that the cleavage in this case is octahedral. 

On a subject so vast much must remain unsaid; but I trust that, although I 
may not have reviewed every case, there is no important class of phenomena 
which cannot be brought under the hypotheses which I have advanced. 


* These figures have been taken from the first volume of BrewsTer’s “Edinburgh Journal,” 
where they are appended to a most able Paper on Twin Formation, by Harpincer. 
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VIII.—Laperimental Researches on the Lifting Power of the Electro-Magnet. 
Part III. By the Rev. T. R. Roziyson, D.D., M.R.IA., F.R.S., &e., Se. 


Read November 30, 1857. 


In my last paper on this subject I showed that with a given exciting power, 
measured by y= product of the current into the number of spires, the lifting 
force of an electro-magnet is less as the spires are distributed over a greater 
length of its arms. Thus, it is seen from Tables xm. and xim., that, with the 
same y, the forces are 911 and 733, the lengths covered being 2*1 and 10°1 
for each arm. I showed that part of this diminution arises from the oblique 
action of the remote spires, and part from the imperfect transmission of the 
magnetism in their immediate vicinity. These, however, account for but a 
small portion of it, as is evident if the spires be kept in a given position while 
the length is varied. 

It is the object of this paper to detail a series of such experiments, which 
were instituted in hopes of finding some simple relation between the position 
of the spires, the length of the magnetic circuit, and the lifting force Z: and 
though I have been disappointed in this, yet I think the results are not without 
value, both as pointing out some of the influences which complicate the prob- 
lem, and as affording numerical data by which theoretical investigations on this 
subject may be tested. 

Before describing them, it may be useful to state what appears to be the 
action occurring in an electro-magnet, which is excited while its poles are con- 
nected. As far as I know, this case has not been examined by theory, and is 
quite different from that of a permanent magnet, whose poles are unconnected. 
There, free magnetism, which is null at the centre, increases with opposite po- 
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larities towards the extremities : there is scarcely any free magnetism, and the 
internal molecular excitation must be of quite a different character. The state 
of things is probably of this sort. 

Let ABCD represent the magnet, supposed continuous ; let it be excited 
by acircular current at a. The action of this on the dif} a B 
ferential slice lying in its plane will induce opposite polari- | 
ties on its surfaces, till their natural attraction, aided by the | 
coercive force of the molecules, balances that action. But 
these polarities induce opposite ones on the adjacent surfaces |» 
of the slices b and d,—less, however, in intensity; both because \-a 
their coercive force resists the inducing force, and because 
it is weakened by the intermolecular space. These, again, 
induce one ande, which are also affected by a, though more 
weakly ; and so on through the whole circuit. These in-C = =D 
duced polarities react on a itself : its + no longer tends to its — with the same 
force, for it is drawn the other way by the combined effects of the — ones 
b, e, &e. Therefore, the current is able to produce a higher polarization of a than 
if it were alone, which again acts more powerfully on its neighbours; so that a 
far greater development of magnetic force is obtained, than would be possible 
if the magnetic circuit were interrupted, and the magnet were a mere bar 
covered with spires.(a) 

When the equilibrium of these forces is obtained, it is evident that the 
molecular polarity must be greatest at a, and decrease symmetrically on each 
side, till it becomes a minimum at a, the opposite point of the circuit. The 
magnitude of the maximum is independent of the place of a, but must be a 
function of c, the length of the circuit, such that it decreases as ¢ increases, 
but will continue finite when that is infinite. At any other point 5 the 
polarization depends on the maximum, conjointly with the distance ab, and also 
with ¢.(b) 

If instead of one circular current a spiral or helix be used, the action is 
the same, though the distribution of the magnetism is somewhat altered. 

At any section A the magnetism will be the resultant of the force trans- 


mitted by induction through the branch Aa= z, and that through the comple- 
mentary branch aCDBA = c—z. 


wil 
® 
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If a second spiral or helix be placed symmetrical to the first at a, the effect 
at A is the resultant of four components, the two first named, and the induc- 
tions of the branch aBA =z+h, and of aDCA=ce—k—z. The same principle 
applies to any additional spires, and if they be symmetrically placed on the 
branches AC and BD, the forces developed at A and B are equal.(c) 

If the forces excited by each spire were transmitted undiminished by in- 
duction, and if they were compounded by mere addition, it would be an easy 
matter to compute the force at either of these points ; but it will subsequently 
be shown that these resultants are always less than the sum of the com- 
ponents, and that the law of their composition, as well as that of the transmis- 
sion by induction, are yet unknown, (d) 

Now let the magnet be discontinuous at A and B: AB becomes a keeper ; 
but this makes no change, except as far as the separations there make the in- 
ductive propagation through the circuit more difficult. However closely the 
surfaces of contact may be fitted, and though they are pressed together very 
powerfully by the attraction of the magnet, it is certain that they are separated 
by an interval far greater than the distance between the molecules of iron; 
it is even possible that this interval may be sufficient to change the law of 
inductive propagation.(¢) 

The following experiments will illustrate the statements (a) and (c) :— 

The part CD of the magnet (described in my second paper, vol. xxii., page 
508) is a moveable slide, which can be set to give AC any value from 0 to 11’. 
Ifit be removed, and both arms be excited, the force at A is only the resultant 
of the inductions through z and z +k, themselves diminished by the interruption 
of the circuit. If, also, for AB be substituted a block of brass, to which cylin- 
ders of iron are fixed 2' high, and of the same diameter (that of the magnet), 
then, with the slide in its place, we have the resultant of induction through (z), 
and that through (e—k—z); if it be removed, there is left only (z). The 
helices used are described in No. 11, page 519, and AB=£ is 6 inches. 

The temperature is given to show that no sensible portion of the differences 
is due toa variation of it ; but in these, as in most of the other results given in 
this paper, no temperature correction is made, as it must be specially investi- 
gated for each altered arrangement of the magnet. 
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TasBLe XV. 
ST Oe A ee re ee ee 
No. Helices. (enter | taiaee L. | Ratio. State of Magnet, es 
66 fel 28:2) 3°8|64°°9| 547-99) 750:07| 1° 000) Normals 29 278) BR95 
eat ) ru 28-2} 3°8|65°6} 547-99} 21°77|0°029| Brass keeper,. . . | 5 
68 32-2} 1-0|70°-8| 546-75} 784-73) 1-000, Normal, . . . . 4 5 
69| ‘F at keeper, .< | 32:2} 1:0 |71°8) 547-90! 119:52) 0° 183 Slide removed, ee ea) 
70 32-2} 1:0 |71°5| 549°73| 20-67) 0-026 Brass keeper, . Nas 
711 & at slid 32:2) 9:0 |64°%1| 549:07| 658-81) 1:000, Normal, : A ngs 
72\} rc { 32-2] 9:0 721} 549°70, 11-96 0-018 Slide removed, Hons 
73)| | B at keeper, i 32:2 ion 68°-6| 544:30) 766°53 1-000) Normal, herS 
74| 1 J at slide, . “| 32:2 ne 69°8) 544°30 ek 0:108 Slide removed, . . .. 5 
75 F, B,J, K, L 32-2! 5:0 |73%1| 2005-72) 1001-49 1000 Normal, ... . | 1 
76. an 32:2) 5-0 \70°3| 1997:47| 698-25, 0-698} Slide removed, i 42 
m7|¢ Covering °4 | 32-2] 5:0 74°0) 1884-00] 8505 0-085| Brass keeper, . . 5 
73) SMS + + ||32-2) 5-0 /76°-2| 2016-09 aie 0:035 ee Bi-| 


The great loss of magnetic force arising from the removal of either of the 
connexions AB, CD (the former in particular) is remarkable. This case occurs 
in 67, 70, and 77, and is equivalent to that ofa bar magnet whose length is c — k 
lifting by one of its poles. Even in 77, where the effect is greatest, it is not 0-09 
of the full power of the magnet, and this proves that the excitation of the mole- 
cules must be greatly diminished. It will hereafter be shown that in, for instance, 
68, the induction through the keeper from B to A is nearly three-fourths of the 
direct effect of the helix at A; therefore, supposing that the resultant were even 
the sum of its components, the cutting off this induction should still leave four- 
sevenths of that resultant, instead of 0-03. It seems, therefore, that the brass 
keeper reduces the excitation fully 29 times. In 78 the action is that of a mag- 
net of half the length of 77, or 3c —, and is proportionally less. The greater. 
loss caused by removing AB, than by CD, is easily explained from what is 
stated in(c). In the first case, the induction from the second arm takes place 
through the distance c—z—k, in the other, through the lesser one z +h. The 
high ratio in 76 is also to be anticipated: in 68, ¥=549 is applied to two 
inches of the arm at B, the effect of which is induced through z+k=7' at A; 
in 76, one y= 400 acts through the same space, but in addition another helix 
acts on the next 2 inches of the arm with equal energy, and at the inducing 
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distance 9', and so on through the five. A similar addition is made to the in- 
ducing forces of the arm AC, so that the effect may easily be four times what 
it is in the other case. I may remark that the removal of the slide, especially 
when the arms are of considerable length, gives an approximation to the case of 
c infinite, and that though an increase of the number of spires and the quantity 
of current will augment the effect greatly, yet it is not probable that any finite 
amount of them will equal the influence of closing the circuit. 

That the force Z is composed as stated in (c), may be shown by measuring 
it in different positions of the slide CD, while the helices are kept in a given 
position. In this case the components (z), (2+), with a given y, should be 
invariable, and any differences which are found can only depend on the other 
two. In general, two positions were chosen for each value of c, one in contact 
with the keeper, the other with the slide. In this last case the forces excited 
at C and D are the same which in the other are measured at A and B, and as in 
both c is the same, the change depends on z only. I therefore hoped that by 
comparing the series Z, I might ascertain the effect of the circuit, and, if succes- 
ful in that, comparing each L, with its own L,, I might get the law of(z). The 
first sets were made with the spirals A, with ¥ nearly 124°69, and reduced ex- 
actly to it by interpolation from Table vim. 


TasLe XVI. 
sl a a e. vis T. be Ratio. Position, | Observa- 
| 
79 | 0-15| 0°07 | 123 | 495-95 | 65°6 | 1:0000 |} 1:0000 | Keeper,. . 18 
80 | 21 | 0-07 | 162 | 458-88 | 64°3 | 08767 | 09252 |) Keeper,. .| 17 
81 | 2:1 | 2:07 | 16:2 | 436-35 | 64°2 | 08122 | 0:8798 | fSlide, . .| 22 
82) 41 0:07 | 20:2 | 407-82 | 63°5 | 0-7428 | 08223 || Keeper,. .| 35 
83} 4:1 4:07 | 20:2 | 384-03 | 64°2 | 0-7051 | 0°7744 | fSlide, ... 35 
84] 61 0:07 | 24:2 | 342-72 | 62°5 | 0:6307 | 0:6910 Keeper,. . 17 
85 | 61 6:07 | 24:2 | 319:04 | 64°0 | 06073 | 0:6433 b stig, atone 
86 81 0:07 | 28:2 | 295-24 | 64°6 | 055381 |} 05953 Keeper,. . 17 
ST ol 8:07 | 28:2 | 269-88 | 64°4 | 0°5149 | 0°5442 | fSlide, . .| 22 
88 | 101 0:07 | 32:2 | 254-89 | 64°9 | 04949 | 05139 |) Keeper,. .| 40 
89 | 101 2:07 | 32:2 | 246-28 | 66°1 | 04821 | 0°4977 | | 2' from’, . 12 
90 | 10:1 4:07 | 32:2 | 232°52 | 68°38 | 0:4612 | 0-4699 4' from hk, . 12 
91 | 1071 6°07 | 32:2 | 22855 | 66°2 | 04572 | 04619 |(6' from &, . 12 
92 | 101 8:07 | 32:2 | 224°57 | 66°9 | 0:-4509 | 0-4538 J Sidrom #, . | 12 
93 | 10:1 |10°07 | 32:2 | 223-50 | 64°8 | 0:4480 | 0°4506 |) Slide, . .{ 29 
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The second column gives h, the distance between the slide and keeper; pis, 
as formerly, the ratio of the actual ¥ to that which would produce the same Z, 
if the circuit were a minimum.* The next column gives the ratio of the Z in 
this last case to each of the others. In 89—92 the spirals were placed in inter- 
mediate positions. These were the result of a separate set ; but the values for 
z= 0:07, and z = 10-07, agree so closely with the first set that it seemed best to 
group them together. 

It is seen at once that the value of Z decreases as the length of the circuit 
is increased : thus, for ¢= 32:2, it is only half what it is when c=12°3. The 
effect of z is similar, though less in amount, and is also dependent onc. These 
relations are exhibited in— 


TasLe XVII. 
L a ie 
h. {Ratio of Zz| Ratio of Z;.| — e= 322 | Ls 


Te am im 


21 | 0°9252 | 0:8798 | 0:9509 2-07 0:9662 
41 | 0:8223 | 0°7744 | 0:9416 4:07 09122 
61 | 0°6910 | 06433 | 0:9309 6:07 0°8967 
81 | 05953 | 05442 | 09142 8:07 08811 
O1 | 0°5139 | 0-4506 | 08768 | 10:07 0:8768 


The second column gives the ratio of Z, when the circuit is a minimum, to 
that obtained with other circuits, the spirals being at the keeper; the least 
complicated case, as depending only on ¢, and giving the maximum of effect for 
a given circuit.f The third column gives the ratio of the same LZ to that got 
when the spirals are on the slide. This involves both z and ¢, and gives the 


* Of these « appears best for comparing the powers of helices, but the other is preferable for 
a comparison of the magnets. In the range of these experiments they agree sufficiently for all 
purposes of interpolation ; but the former becomes very irregular when the maximum is ap- 
proached, as will be obvious when the progression of Z is examined. I think it likely that the 
quotient of the other by the area of the magnet’s section is the best measure of the efficiency of 
that particular form of magnet. 

+ The maximum would, I think, be obtained if the spirals could be placed at the middle of 
the keeper AB, and the minimum at the middle of the base CD. 
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minimum effect; but as the influence of the former is not very great, it seems to 
follow nearly the same march. The fourth column gives, for each pair, the 
ratio of the effect with the spirals at keeper, to that with them at slide. This 
ratio decreases much more slowly than either of the preceding ; for instance, a 
change of ¢ from 16-2 to 32-2 changes the ratio of Z; from 0-93 to 0°51; but 
the same change of c, combined with that of z from 0:07 to 10-07, only alters 
this from 0:95 to 0°88. The comparatively small influence of z is still more 
plainly shown by the sixth column, which gives for ¢ = 32-2 the ratios of the 
maximum to the Z obtained with the z in the fifth column by Nos. 88-93. 

A similar series made with the helices F’.#’, and with ~=549-08, is 
given in— 


Tas_e XVIII. 


No | & z. c. L. Tr be Ratio of Z.| Position of Helices. oe 
94 2:1 | 1-0 | 16-2 | 867-54 | 71°4 | 0-6714 | 1:0000 Keeper, . . . 10 
95 4:1 | 1:0 | 20-2 | 833:31 | 74°3 | 0°6144 | 0:9605 Keeper, es. th) 10 
96 4-1 | 3:0 | 20:2 | 805-05 | 64°8 | 0:5629 | 0-9280 Slidesust fur 7 k8 
97 6-1 | 1:0 | 24-2 | 812-74 | 73°6 | 0:5768 | 0:9369 Keeper, = . 3} 10 
98 6:1 | 5:0 | 24:2 | 761°53 | 64°2 | 0:-4861 | 0-8778 Blide; tx Pet wee 1 
99 8-1 | 1:0 | 28-2 | 801-72 | 737 | 0:°5570 | 0°9241 Keeper, . « «| 15 
100 8:1 | 7:0 | 28-2 | 718°78 | 65°5 | 0:-4098 | 0:8266 Blidex Gaweesmeite Lig 
101 |10-1 | 1:0 | 32:2 | 781-73 | 71%7 | 0°5214 | 0-9011 } Keeper, ... -| 10 
102 |10:1 | 9:0 | 32:2 | 658-81 | 64%1 | 0°3342 | 0-7594 kG Ee Aes teal lye 
: 1:0 ; : ay : 7 F at keeper, F’ 
103 | 1071 ee 32°2 | 71856 | 61°0 | 0:4095 | 0:8283 i AA slide Sa STs 


The ratios, given as before, are as follows :— 


Tasie XIX. 


‘ . ZL; Ratio of L;| Ratio of Z 
h. Ratio of Zx.|Ratio of L,. ix fpreedleaoal een ale gee 


41 | 0:9605 | 0:9280 | 09661 | 0:8887 | 0:8801 
6:1 | 0:9369 | 0:8778 | 0:9370 | 0:7469 | 0-7312 
8:1 | 09241 | 08266 | 08945 | 0:6484 | 0-6185 
Ol | 09011 | 0°7594 | 08427 | 0:5555 | 05122 
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There is the same decrease of Z, as c and z increase ; but it is much slower, 
as is especially seen by comparing the two first sets of ratios with the fifth and 
sixth columns, which give the ratios of Z, and L, obtained with the spirals for 
h=2-1, with their other values. This fact arises apparently from the more 
powerful action of the spiral in its plane, being neutralized by its feeble action 
out of that plane, and from the greater distance through which it must act by 
induction. But in any case it is obvious, that the lifting power of an electro- 
magnet is increased by making the length of the circuit as short as possible, and 
by bringing the wire of the helices, or spirals, as near the poles as is compati- 
ble with having the necessary number of spires, as was stated in my second 
paper, p. 522. It will be shown, however, that another plan of arrangement 
should be adopted when the magnet is intended to act at a distance. 

I have tried in vain to find any simple law connecting Z with ¢ and z, and 
it probably is not to be found by mere experiment, for— 

1. The direct action of a spire on that section of the magnet which is in its 
plane, can be computed by my equation (4) ; and that on any other by equa- 
tion (10). Each of these actions is transferred to the sections A and B by 
induction ; but the law of this induction is not known, and it does not seem pro- 
bable that it will be possible to evolve it from an effect so complex. Yet 
more, these inductive actions influence the power of the current itself to ex- 
cite the intermediate sections in a manner which is still undetermined. 

2. In these experiments the observed force is, as I have stated in (d), the 
resultant of four components; and we do not know the law of this composi- 
tion. Each of them is the result of an induction through a certain length of 
iron, but we know nothing of their relative magnitudes. We may get a gene- 
ral notion of the composition of magnetic force by forming a table, such as Table 
xm, and comparing its Z and y. I think it cannot be doubted that if y pro- 
duces L, and ¥/ L’; ++ will produce the resultant of Z and Z’. That this 
may be more easily examined, I have reduced the Z to those corresponding to 
an arithmetical series of y, for this magnet, which is 2' diameter with c= 16"2; 
and have done the same for the hollow magnet described in my first paper, 
whose external diameter = 2‘, and its c=36 ; for a small one, to be described 
hereafter, of diameter = 1‘, and e=27"7 ; and for one 3‘ diameter, and ¢= 36:-0. 
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TaBLe XX. 
y. |Short Magnet. Below Small Large 


Magnet. Magnet. Magnet. 


1000 | 1085-24 571-00 230°68 1368°61 
900 | 1062°68 553°81 228°67 1302-71 
800 | 1034-06 540°33 225°03 1230-01 
700 99456 519°76 220:97 1151°30 
600 940-95 496°40 212°65 106051 
500 87452 460°63 20264 952°85 
400 797-99 412-45 191°83 819°46 
300 721-04 359°23 175712 657-11 
200 588°26 259°20 139°83 
100 329°86 13391 63:96 


In each of these the relation between the resultant and components is dif- 
ferent ; for instance, L (1000) iscomposed of 2Z (500) ; now its ratios to one 
of them are— 

1:2410 ; 1:2396 ; 11384 ; 1:4364. 


Again, taking L (600) as composed of 2 (300), they are— 
1:3050 ; 13818 ; 1:2148 ; 1-6139. 


It will also be observed that when the components are unequal, the smaller 
one adds but little to the resultant: thus (100) adds but 22°56 to (900); (200) 
adds 51-18 to (800), in the first magnet,—not a tenth of what they would 
produce alone. If the ratio of the Z in the second column to the others which 
have the same ¥ be taken, it is found to vary but little in the hollow and small 
S=enet, except in y= 100, where the excitation seems scarcely sufficient to 
bring the iron into full action ; in the first it decreases, in the other increases, 
as y diminishes. For the large magnet it decreases more rapidly, being 1:2611 
for y= 1000, 0°91138 for ¥=300. Probably in all these the central portion of 
the magnet has not been excited. 

3. I thought the complexity of this investigation might be diminished by 
using a single spiral or helix, and thus having only to deal with the inductions 
(z) and (c—z). In the ordinary course of my experiments, with each arm 
equally excited, the force at each polar surface is equal, and as the keeper is 
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raised by a force ZL, applied at its middle point at right angles to the plane of 
these surfaces, we have 

L=2M; 
M being the force at each surface. If, however, one arm only be excited, the 
polar forces are unequal ; the weaker gives way first, and the keeper rises, 
turning round the outer edge of the excited arm. In this case we have, call- 
ing 7 the radius of the arm, 


2M’ = L' — 


r 
sk+r 


x (M- I’). 


A second equation is obtained by assisting JZ’ with a downward pressure P, 
applied exactly in the axis of the unexcited arm, and sufficient to make it, pre- 
vail; then M gives way, and thence 


fr , 


from which M and J’ are found. 
In this magnet r= 1, k= 6, whence 


L-L' 7P 
2M D+ Fs 
ie a ee 4 
2 an ate oa 


To apply the pressure P a lever was used, whose ratio = 5'8, turning on a cen- 
tre in a strong vertical bar of iron screwed to the slide; weights of any re- 
quired amount were hung at its extremity, and it pressed on a rod of steel, 
pointed at each end, one of which was set in a hole punched in its lower jur- 
face, the other in the centre of the screw which is fixed in the keeper, with its 
head entering the central pole in the magnet to serve as a guide. For eachi 
position of the slide one of these rods was provided, so adjusted that the lever 


was horizontal, and of course the rod exactly vertical. The bar prevented the | 


application of the larger helices to the arm BD, near which it was fixed, so 
that the force M belongs to A, M’ to B. 

The first set were taken with the spirals A, A’; y- is nearly 124-69, and the 
resulting Mand M’ are reduced to that by interpolation. Only two are avail- 
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able, for at first I used too small a pressure, which was not discovered till they 
were reduced. They are 


Taste XXI. 
| z e. | Land p T. | 2Mand 2M’ | k Ones 
101 02 |) 12-8/ 54452 | 123°54 | 65°4 539°86 11051 12 
102 O2 If \ | 451:22 | 123:58 | 67 °5 44229 0°8422 } 12 


The weight hung to the lever = 14 lbs.; and the pressure P is (including 
that due to the weight of the lever itself) = 83°40. 

From the small value of z, the condition of the magnet is nearly that de- 
scribed in (6), so that Mis the maximum, and J/’ the minimum force; and 
they may represent the resultants of (0) +(12°8), and of (6°4)+4(6:4). In 
the ordinary arrangement with a spiral on each arm, each of them would excite 
M at its own arm, and J/’ at the other; the Z, therefore, corresponding to 
2 = 249°38 is the resultant of 21/4 2M’. By interpolation and Table vim. 
it appears that this = 74691, only 0-763 of 982°15, the sum of the compo- 
nents. 

A more complete series was made with the helices F, FE’. The results are 
reduced to 549-08, W= 24, and P= 141-20. 


Taste XXII. 
z ce. | LandL’ v T. |2u@& 2M’ Observa- 
. 6 ° . ° . BH png: 
‘Wen, | 103 | 1-0 | 162] 986-05 | 549-21 | 68°7| 979-90 | 0:8977° 18 
104 1:0 16:2 | 775°66 | 550°14 | 69-9 | 755-74 | 0:4687 } 12 
105 10 202 | 951:98 | 548:°01 | 68-9! 947-13 | 0°8494 18 
106 1:0 20:2 | 73854 | 548-07 | 69 ‘6 | 709:44 | 0°3973 } 12 
107 1:0 24:2 | 906°12 | 548°72 | 71-2} 897-18 | 0:7314 12 
108 1-0 24:2 | 714:08 | 54832 | 67:0 | 688-30 | 0°3685 } 12 
109 1:0 | 28:2 | 886°75 | 549-64 | 68-5] 879-78 | 0:6949 12 
110 1:0 28:2 | 67969 | 548-32 | 67:2] 651-42 | 0-3267 } 12 
111 1:0 32:2 | 884:09 | 550:44 | 74-8] 878-03 | 0:6912 12 
112 1:0 32:2 | 660°92 | 553-65 | 69 °8| 626-28 | 0°3095 } 12 
113 9:0 32:2 | 74854 | 54863 | 68°4| 72426 | 04178 12 
114 9-0 32:2 | 58892 | 550°80 | 68-4] 567:10 | 0:2598 } 12 
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Here J is the resultant of (z) and (e—z); M’ of (z+6) and (ec—z—6). 
In the first five pairs z and z+6 are constant, so that the variation of M/ and 
M’ is due to that of c; but even so, it is impossible to get their relation. The 
variable w cannot be obtained from & (a+), unless the nature of the function 
R be known. Still, some information may be derived from them. 

The ratio of Ito MM’, and the values of the quantities on which they 
depend, are given for each pair in— 


TaBLe XXIII. 


M’ | M, 
i | oa e—z, z+6. | c—z-6. ™ 
| 

103-104 | 0°7712 || 1:0 15:2 7:0 9:2 10000 
105-106 | 0°7491 1:0 19°2 70 132 0-9666 
107-108 | 0°7672 || 1:0 23°2 70 17:2 0:9156 
109-110 | 0°7404 | 1:0 27:2 7-0 21:2 0:8978 
111-112 | 0°7133 1:0 31:2 7:0 25:2 || 08960 
113-114 | 0°78380 | 9:0 232 || 15:0 17-2 | 0°7591 


The ratio of Jf to M’, notwithstanding some irregularity in the second and 
third, decreases slowly in the first five; so slowly as to show that the compo- 
nents of each which depend on the constant terms predominate much over the 
others. In the sixth, where z and z+6 are considerably greater, while the 
others are lessened, the ratio is increased, though the absolute magnitudes are 
diminished. As ¢—z and c—z-— 6, having a common difference, tend to 
equality by these increases, I should expect that the ratio would ultimately be 
that due to (1) and (7), unless something beside the mere distance interferes 
with the induction. The last column, which gives the ratio of the first MZ to 
those of the other circuits, shows a more rapid decrease, but though in this 
case there is only (¢—z) variable, the law seems unattainable. 

It occurred to me as possible that iron in a state of high excitement may 
not have the same power of transmitting induction as when less magnetic. If 
so, when each pole has its own helix, as the J then magnetizes the keeper, 
the M’ of the other pole would be transferred with less power, and so also for 
the remainder of the circuit. In this case Z is the resultant of 24/+2M’, and 
this would account for the resultant being less than the sum. As ¥ would 
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then = 1098-16, it is easy to compute from Tables x11. and xvut. the values of 
LZ corresponding to M@. But we can also compute the Ws, which under similar 
circumstances would give a force = M, and one = /’; the sum of these must 
produce an L’’, which must also be the resultant of those components, and 
therefore should be identical with Z. The result is given in— 


TaBLe XXIV. 


x * L L 

L. iS L-L". L-2M. oy 2m" iTh 
103-104 1079°48 1088'24 | - 876 99°58 | 0'6219 || 1:1016 
105-106 1060-51 1062-06 — 1°65 113°38 | 06402 || 1:1197 
107-108 1044-72 1033-46 + 11°26 147°54 | 0°6589 11644 
109-110 1036-78 101392 | +22°86 15740 | 06771 11784 
111-112 101851 1005°83 | +12°68 | 14048 | 0.6771 1:1600 


113-114 863°31 869°38 | -— 6:07 | 139:05 | 0°6685 || 1:1923 


Considering the complicated nature of the process, L— L’’ is so small that 
we may safely infer that magnetic excitement does not interfere with the trans- 
mission of induction. ‘The three last columns are given to show the relation 
between a resultant and its components. The first of them, headed L—2//, 
shows the actual increase of force produced by the lesser component, which, 
especially for the higher powers, is less than would be anticipated. The second 
is the ratio of the sum of components to their resultant; and the third the ratio 
of the larger component to it; both showing that it decreases relatively as they 
increase. Of course, either higher or lower on the scale, the actual value of 
the ratio would recede considerably from these. 

4, Lastly, the investigation of these laws is impeded by the interruption of 
inductive transmission, which arises from the discontinuity at A and B, when 
the keeper rests on the magnet, as stated in (c). This effect is shown by com- 
paring the last two pairs in Table xxu. Supposing the helix placed at A, 
No. 111 represents the force excited there; No. 113, that at C; No. 114, that 
at D, which is the minimum; and No. 112, that at B. Now the force at C may 
be expected to be less than that at B, for it is the resultant of (9') and(23"2); 
the other of (7') and (25"2); for, as is shown by the column LZ — 2, resultants 
are nearer the larger of their components than the less. It is, however, found 
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to be 97-98 greater, and no cause of this is evident except the one assigned. 
To obtain some idea of the probable effect of it in a more direct way, I intro- 
duced two additional joints into the circuit. Two discs of soft iron were 
procured, 2' diameter, and 025 thick, with central apertures equal to those 
of the magnet. They were marked so that they could be placed always in 
the same position on the polar surfaces, and were accurately fitted by the 
scraping process both to them and the keeper. If L’” be determined when 
they form part of the magnet, and Z when they are removed, and the magnet 
is brought to the same length by lowering the slide 0°25, ~ remaining the 
same, L — L’” is the loss caused by the second pair of joints. The helices F, F’ 
were used always on the slide; ¥ was as near as possible to 549-08, and re- 
duced to that by interpolation. 


TaBLeE XXV. 


T7174 1:0961 | 12°12 
53°15 10713 | 12:12 
33°47 1:0550 | 12-12 


21 1:0 886-82 | 63°°6 | 809-08 | 63°1 
116 41 | 20:2] 3:0 798-45 | 61-7 | 745-30 | 61-0 

01 9°0 641-98 | 60 °6 | 608:51 | 60 °7 
| | 


The difference is considerable, and both it and the change of ratio are 
nearly inversely asc. I regret that it did not occur to me to experiment with 
different values of ¥ in order to ascertain whether this effect changes with 
pressure, but it probably does, and therefore the effect of a single pair of joints 
will be still greater, and, as such, too considerable to be neglected in any attempt 
to discover the law of induction in this way. If the supposition in (¢) be cor-. 
rect, such an interruption in the circuit may be considered equivalent to an 
increased length of ¢, and half as much of z. I tried this by developing the Z 
of Table xv. by Caucuy’s process as a function of ¢ and z,* and thus ascer- 


* This formula is— 
x {l-ex ZL (8°55692) + & x L* (707878) — & x I (515487) } 
LE = log” (3°13245) 
x {1-(8+2)?x Z1(8:14374) + (8+ 2)?+Z7 (6-99018)-(3+2)8 x £1(5'91248) |. 
The variable in the third factor is 3 + z instead of z, for a reason already assigned. The products 
of ¢ and z were not used, the approximation being sufficient without them, as the ten observations 
of the Table are represented with a mean error of 1°59, and a maximum one of 2°91. 
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taining what increase of ¢ would produce L—L’”’ in these three instances. 
For 115 it is 6°32; for 116, 6:29; but for 117 it is only 3°66. As, however, 
the last is not to be depended on, because it goes far beyond the largest c, on 
which the interpolation is founded, the close agreement of the other two seems 
to confirm the supposition. It must, however, be remarked that even the 
highest of these ratios will not entirely explain the excess of No. 113 over 
No. 112. It deserves to be noticed that the separation in these experiments 
always took place between the keeper and the discs, never between the discs 
and the magnet. 

It was not within the scope which I proposed to myself to try the power 
of this magnet at sensible distances, but in a few instances I did so, interposing 
at the keeper plates of brass 0°12 thick. 


Taste XXVI. 


h. Normal. es L=O0'12) |\7=0'24.) Tr. wy Helices. Observa- 
tions. 
118 2-1 |1088°73 | 77™1 89:11 |... .| 77%1 |1058°77 | BB’ at keeper, 6, 6, 0 
119 41 | 831:35 | 72 °4 25°71 | 845 ]}....| 55255 | FE’ at keeper, Ose L 
120 8:1 | 784:54 | 74 :2 25°36 | 7°38 |....| 548-06 Ditto,! Aer. | 9, 15 1 
121 | 10°8 | 769-00 | 73°3 25°36 | 762 ]....]| 551:26 Ditties ty mast s,)|" 05.02 
122) 1071 | 1001-49 || 73-1 | 243-27 |. ..... 1 770-6),| 2005:72,| EF’, BB! . Jd’, | 12,12,0 
KK’, LL’, . 
123 | 1071 | 698-25 | 70 °3 67:39 |. ...| 77°6 | 1997-47 | Do.,slideremoved.| 12,12,0 


The great diminution caused by these small intervals is remarkable, espe- 
cially where the helices are close to the keeper, and part of the cylinders is 
uncovered; the force then being only the 29th part of its ordinary amount. 
In No. 122, where the long cylinders are entirely covered with spires, it is 
much less considerable, the force being nearly one-fourth ; and even the removal 
of the slide in the following one does not alter this fact, which is in accordance 
with the results of Table xv. It follows from this that in electro-magnetic 
machines, the magnet should be of considerable length, and covered uniformly 
with the spires. At the double distance 0°24 the law of decrease is nearly 
the inverse square of the distance ; the deviation from it being due to the dis- 
tribution of the magnetism on the polar surfaces; but this is evidently not the 
law which prevails at the distances of normal contact. 
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I think it follows from what I have stated that there is little probability of 
making any progress in the investigation of the law of inductive transmission 
of magnetism, till that of the composition of magnetic forces has been de- 
veloped. In the hope of giving some additional data which may aid in this, I 
add results obtained with some magnets differing in construction and dimen- 
sions from that which has been examined in such detail,—three of which have 
already been noticed in Table xx. 

The first of these is that which I use for ordinary experiments; its cylin- 
ders are 3‘ diameter and 12' long, their centres 6' apart; their base 3' by 2'5. 
The helices are lapped with copper wire No. 12, and contain 1070 spires.* 
The keeper which I first used was 2'5 high by 2' broad ; therefore, only 0°71 
of the section of the cylinder. With it I obtain— 


TasLE XXVII. 


124 | 1508-97 | 69°34) 1678-88 |.....|..-- 334-90 6 
125 | 1800-06 | 71 65) 1213-26 | 189-08 | 6.96 | 187:85 12 
126 |1152:97 |68°05| 91643 | 19266 | 7°54 | 111-40 12 
127 907-72 |66 +20) 617-00 | 194-43 | 6-66 50°81 12 
128 569:14 |66°7 | 30954 | 148-34 | 6:04 11-79 12 


I suspected that the keeper was too small, from the intense display of free 
magnetism; and, therefore, two pieces of iron, half an inch thick, and 2'5 high, 
were carefully fitted to the sides of the keeper and face of the magnet, and 
screwed firmly to the former while the magnet was powerfully excited; they 
now make the keeper 1-06 of the area of the cylinder. This addition gives a 
considerable increase of force, as might be anticipated from the principles ex- 
plained in (a) and (c). I did not, however, expect to find so great a difference ; 
as it is stated that a magnet lifts more powerfully when the keeper is slightly 
rounded, so as to touch in a small surface. 


* It is a singular fact that though the wire was purchased at the same time and place, the 
resistances of the two equal lengths were found to be 58°187 and 44:836 of my units, without 
any sensible difference of quality. This anomaly has since been fully investigated by Dr. W. 
THomson. 
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Table XXVIII. 


x L with Lat 60. Observa- 


1s aT. ¥. T=0°12. tions. 


129 | 1666:53 | 70°-5 | 1685-02 
130 | 1467-61 | 72°0 | 1200-78 
131 | 1286-97 | 70°6 | 915-91 
132 | 1066-87 | 68°7 | 612°69 
133 667°80 | 67°7 | 31017 


6°66 | 3861-44 || 1698-40 12 
6:96 | 241°56 || 1498-93 12 
8-75 | 130°31 || 1311-72 12 
7:16 60°63 || 1073-25 12 
4-76 13°88 || 670°64 11 


The thermometer correction has not been specially investigated, but I use 
that for the 2-inch magnet, with cylinders of 10*1, as the greater diameter will 
compensate the greater length. The two sets of Z are ina mean ratio of 1-135, 
decreasing a little from the lower to the higher. As this is of the same circuit 
as the hollow magnet of my first Paper, their actions can be compared with 
theory very easily, by Tables 1. and u. Since A in equation (4) is as 7”, it is 
obvious that if in two different magnets the radius of the magnet bears the 
same ratio p to that of the spire, the series expressing the action of the latter 
on the former must have the same value in each case. Therefore, it is only 


/ 


necessary to enter these Tables with o=", and multiply the result by 7’. I 


thus find that the ratio of these two should be 3139. Comparing them, 
however, by interpolating for the y of the large one from the Table of the other, 
I get the ratios— 


LOOK I: Svc ches» Ween sepanOOs 
TSO iar verte Be 0 Oe er stor. deo As 
SUR: otc. ae ete 20.0: 
SP 08 EDS is CORI Me Ollie asker! 2 
Sone wy eee o> some eee. 


This seems to indicate that the central portion of the large magnet is 
either inactive, or perhaps even in an opposite polar condition to the exterior 
part.* 

The residual excitation A (that which remains when the current is with- 
drawn before the keeper is raised) is constant fora ¥ of 916 and upwards, 


* It is probable that the entire of the 2-inch solid magnets is effective, at least with high exci- 
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decreasing below this in accordance with my former observations, which led 
me to conclude that this occurs for a certain y¥ which I call 6, possessing some 
notable properties.* The residual magnetism, or, as M. Joue terms it, the 
“Set of the Magnet,” is always what is left by a single excitement; for in each 
of these experiments the polarity was reversed: its amount in respect of the 
total Z is insignificant. The force when the brass plates are interposed is of 
considerable amount with this magnet for its higher powers, and follows a very 
different law from that which prevails in actual contact, being as y”. This, as is 
obvious, implies that the magnetism excited when the poles are not connected is sim- 
ply as ¥,—a fact which apparently depends on its comparatively small intensity. 

As I wished to ascertain the properties of an electro-magnet composed alto- 
gether, or in part, of hard steel, one was prepared, and another exactly similar was 
made of iron to serve as a point of comparison. As I doubted the possibility of 
hardening uniformly masses of steel as large as those of either of the magnets 
already described, these were made of smaller dimensions, the cylinders 1* dia- 
meter and 7:85 long, solid except that they have at the top holes 0:25 diameter 
and 0-5 deep, to receive thermometers. The base and keeper are 1’ high by 15 
broad, and the distance of the centres is 6. As the steel cylinders fit the base and 


tation. Comparing the power of the hollow 54-inch magnet (1. p. 512) with one of 2 solid, and 
the same length (given um. p. 520, No. 62), I find— 


Observed powersas,. . . - 10°65: 4, 
Theoretic; je « « .<) «01 ny RO Eouz4s 
HECuOUs -Mmct ter vice tenets is eeton tL OFOUnrree 
The hollow 2-inch gives, compared to a solid one of the same diameter and length (1. p. 295, Note), 
Observed powersas,. . . . 3°03: 4. 
EREOTEICs acl a) Uae =| peace mOuLOnsc as 
Section, f)'sa et ee le a ew otOO rs 
And the solid inch compared with the above No. 62— 
Observed powers as,. . .- . 1:09:4. 
Dheoreticuinc. «Meee oe) eu ) pde2en 4. 
Sections b=: aiites is ese cOO 4: 


As in the hollow magnets the iron is only 0*5 thick, we may suppose it is all uniformly mag- 
netized; and the agreement shows that the other must be so too. 

* When the keeper is separated from the poles by discs of paper 00041 thick, A=111°44 
with y=900. With the interval 0°12 there is no sensible value of it. 
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keeper of the iron magnet, I could have one all iron, one in which the parts 
excited are steel, but the induced parts iron, and one all steel. The helices 
N, N’ first prepared are rolled on wooden bobbins 1'*33 diameter and 7' long, 
containing 630°4 spires in four layers, with an external diameter 1'95. After- 
wards, for temperature experiments, helices O, O’ were rolled on copper bob- 
bins, 28 diameter by .5'7 long, with eight layers of No. 12, external diameter 
= 4-66, containing 677 spires. When used, they were blocked up to be in con- 
tact with the keeper, and, in consequence of the average distance of their spires 
from the poles being less, they are more effective than N,N’, in the ratio of 
1: 0:96;* they are less resisting, their measures being 59°840, and 78:416. 
They were generally used, but for the higher ys the others were added col- 
laterally, and the ¥ computed by the method given in my second paper, p. 524. 

Small Iron Magnet.—It was necessary to begin with the temperature cor- 
rection, for I had now learned that this depends on the size as well as the form 
of the magnet. Two copper cylinders, with central tubes which fit on the 
arms, are connected below by a cross tube which is coupled to a small steam 
boiler, and are provided with means of escape for the waste steam and condensed 
water: on these the helices O, O’ were placed, and the y was made 600. In 
the first of the following Table the magnet was cooled 27° below the tempera- 
ture of the room, by keeping a stream of ice-cold water flowing through the 
cylinders. 


TasLe XXIX. 
L. T. | o-c. | Observa- 
tions. 
134 213°69 38°-2 | +0:08 6 
1385 211:96 69 3 | — 0:09 6 
136 210°79 83-5 | —0°72 6 
137 212-17 92 °5 | +0°85 6 
138 212:09 | 104°3 | +1:10 6 
139 209:56 | 115 °5 | —1:10 6 
140 20877 | 188-0 | —1:14 6 
141 208°51 | 155-7 | — 0°54 6 
142 210-20 | 163 ‘3 | +1:63 6 
143 208:48 | 181 -4 | +1:27 6 
144 205'19 | 188 ‘9 | —1:23 6 


* Determined by thirty observations. 


oy 2 
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From these is deduced by Caucuy’s interpolation— 

L = 212-43 {1-t¢x £1 (6°31639) +2 x [7 (428451) —# x L* (2°19549)}, 
in which ¢= 7—60. The fourth column shows the excess of the observed 
above the calculated value. The coefficients differ widely from those for a 
2—inch magnet of the same length, for which the logarithms would be— 

723121; 5°33385; 2:92184. 


A series was then taken of the Z corresponding to various values of ¥. 
For the three highest, N, N’ were used collaterally with O, O’. 


TaBLe XXX. 
| No | Lat 60° T. v. ay A an Ceara 
= —ES SS ct a es 
145 265°89 82°-2 2591°67 61°35 6 
0:02145 
146 254:29 80-3 2050°88 56:07 6 
0:00963 
147 249-93 Siz 1598-20 65:02 6 
0:02750 
148 238-97 67 °7 1200°61 6 
004179 
149 | 23069 | 71-3 | 1002-03 eee 02:40 6 
0:02780 
150 225°12 66 -6 801°66 65:21 6 
0-07580 
151 212:80 70-7 601-70 61°33 1:99 6 
0:10399 
| 152 191-89 68 -4 400°62 6 
0:10622 
|} 153 175:29 69 °1 300°75 6 
| 035154 
| 154 139°95 67 °8 200°22 43°25 6 
| 0°75840 
155 63°89 68:0 99°93 Eds 1°75 6 


The ratio of this magnet to the 2-inch one may be derived from No. 65 
in Table xm. In that the arms are 8*1, nearly the same as here, and the effi- 
ciency of the helices is not very different, their diameters being 2:26 and 3'93. 
The y is 547°65, which I find, by interpolation, would give with the small 
magnet 207-94. The actual L= 765-12; so, with four times the section, it is 


4 
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3°68 times as powerful. By theory the ratio should be 3:27:1. There is the 
same decrease in s as y increases, which was remarked in the other magnets, 


and from which the existence of a limit to Z was inferred. 

In this magnet (as in the others), A is constant for every value of ¥ above 
one which is less than 600. At 200 it has considerably decreased, so that the 
critical value is probably near 300. Few observations of X were taken, but - 
those few seem in due proportion to the other magnets. 

The iron cylinders were then removed, and those of steel substituted. 
These were tempered to a pale straw colour, and their polar surfaces, which 
cast in this process, were made true by careful working with a tool made of lac 
fused with fine corundum. The same helices were used, but as it was desirable 
that the permanent magnetism A should not be disturbed, the current was not 
reversed in each observation of a set. ‘The temperature correction was first 
sought with y = 1282-92. 


TasLe XXXI. 


No. its T. O-6. A ne Observa- 
tions. 
156 135°84 49°-0 +159 5 
157 ) 134-41 67 °7 0:60 bee eats eae 7 
158 | 135-02 81:8 | -062 |... | 11°75 4 
159 | 135°52 96 5 = 0:67 Wectos clea: 5 
160) S695 | LO7-2ehesoss Ii. & os | k Mk 5 
161 | 137:79 | 121-7 AT WA Bgl bo ae 6 
162 | 13740 | 130°5 = Ooh |p te | eee 5 
163 | 138-43 | 146-4 PA hes octet Ge ee 5 
164 | 137-29 | 159 -2 -O'71 | 45°86 | 12:68 6 
Si || BRE Nee). ||| Ey! I) OO | Ee ) 
166 | 138-02 | 186-6 -0°51 | 4343 | 11-75 6 


These give 
L=1384-74{1+¢x £7" (651193) —# x £7 (3-91068)}. 
I did not anticipate the remarkable difference between this correction and 


that of the iron magnet, especially as heat is known to lessen the power of a 
permanent magnet. As far as the base and keeper are concerned, there can be 
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no difference; their action must tend to make it negative, and therefore the 
change may be referred to a diminution of coercive force, which permits a 
greater development of magnetism. The correction is, therefore, the difference 
of two opposite actions. The formula gives Z a maximum at 199°-7, and, if it 
could be depended on so far beyond the observations on which it rests, indi- 
cates that the correction would become negative at 468. 

The following are the results by varying ¥, the negative sign before it de- 
noting that the current is reversed; and that before Z, that the polarity is 
changed :— 


TaBLe XXXII. 


No. | Lat 60°. T. y + CUM tl 

167 | 20256 | 113%3 | 2910-72 10°71 5 
0:04467 

168 | 17027 | 100-8 | 2187-84 10°82 5 
003560 

169 | 13337 | 85°5 1151:35 12:17 5 
0:05976 

170 | 12518 | 78:3 | 101431 12°62 5 
0°10475 

171 | 10890 | 84:9 858-90 12:09 5 
0:06256 

172 | 10163 | 70-9 742-70 1262 5 
012286 

173 | 8062 | 80°3 57169 12-00 5 
0-12942 

174 | 6858 | 75°8 478°66 1191 5 
012671 

175 | 5553 | 652 37567 12-09 5 
0°11433 

176 | 5079 | 67-4 334-21 | art 5 

177 | 462 | 68-2 331-79 7| 013153 | 8-34 5 

178 | 4452 | 68-0 o86's4 2 11°69 | 5 

179 | 42:46 | 67°3 287°24 | 014736 | 9-65 5 

180 | 3118 | 67°8 19591 J ai, 5 

181 | 2640 | 65-2 201:10 \ 013777 | 864 5 

182 | 17-74 | 67-4 98°36 J 11-29 5 
0:06185 
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Taste XX XIJ—continued. 


2 AL Observa- 

No. L at 60°. 1 vy. i: x. Hovis! 

183 11-78 tales 0:00 11-46 20 
0:02844 

184 9:04 67 0 — 98:33 5°72 5 
0:06366 

185 2°48 65 0 — 201:38 5°72 5 
0:00836 

186 1-76 66 °4 — 287°49 4°45 5 
0:09299 

187 | — 2:35 66 -7 — 331°69 — 0°54 5 
0°16350 

188 | -— 9°83 69 ‘7 — 37744 - 0°85 5 
0°24729 

189 | —35°66 71:2 — 481-65 — 3°85 5 


Here the first point to be noted is the inferior magnetism as compared to that 
which the same y would excite iniron. The inferiority is, however, chiefly in 
the lower numbers. Thus, for y= 200, the two L’s are as 1:5°6; at 2600 
as 1:1:2. This shows that they would ultimately become equal, and that the 
difference arises not from steel being less capable of magnetism, but from its 
greater coercive force requiring a higher ¥ to bring it out. This follows still 
more plainly from the values of ~~ which above 600 actually exceed those of 
iron, in accordance with the inference which I made from the phenomena of A, 
that the coercive force increases more slowly than the magnetism. 

With this magnet A was not observed ; for in 1851, when these experiments 
were made, I was not aware of its importance. 

The series of X is complete ; this is the permanent magnetism which re- 
mains after the current is stopped, and after the keeper has been raised from 
both cylinders.* As might be expected, it is much greater than in iron, and it 
requires a certain continuance of excitation to produce its full amount, for 


* If raised only from one of them, the keeper remains in the state A, and of course is much 
more magnetic than in X. This may give twice as great a value for \ as the true one. 
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when ithas been in part destroyed, it is not restored entirely, even by a set of 
five in which Z is four or five times its maximum. The three bracketed pairs 
are examples of this.* The relations to Z deserve attention: from »~=742 to 

AL 
¥=98, Ay 
arises, in which A enters. Thus y= 98 adds only 5-96 to A=11°78 ; if the 
current be reversed, instead of reversing the polarity and giving —17°74 (the 
sign — when applied to Z meaning that what had been a north pole is now a 
south), Z continues positive =+ 9°04, 2°74 lessthanA ; and when the reverse 
current is withdrawn, it is found that no permanent change in the condition of 
the magnet has been made, for A is unaltered. With ~=196, ZL is 31°18, a 
much greater proportional increase ; with — y= 201 itis still positive, =+ 2°48, 
but the molecular state has been permanently altered, for A is only 5°72, and 
the reapplication of y =+ 201 does not raise it above 8°64 with an L = 26-40. 
The same happens with the + applications of y= 287 and 331, except that 
with the last Z becomes negative, while A retains the small positive value 
+054. The two negative values, —377 and — 482, give A negative, though far 
less than the values obtained by the same when positive, and the latter at once 


is nearly constant, but below this a new order of dependence 


reproduces the full positiveA. I regret that I did not ascertain what negative 
y would be required to give A its full negative value. All this confirms the 
inferences which I formerly made from the observations with the hollow mag- 
net, that J is a function both of v and X. 

The iron parts of the magnet were then removed, and the steel keeper and 
base substituted. This alters the conditions, not merely because their induc- 
tion is less than that of the iron ones, but also because they too become perma- 
nent magnets, and add the effect of this to that of the cylinders. In the first 
instance the temperature correction was sought, y= 1282:92. 


: 4 : peated s 
* The brackets in the column of y connect those which were used in computing ay Those 


were selected in which \ might be supposed to retain its normal value, as in them only the mole- 
cular condition of the steel can be considered definite. 
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Taste XXXIII. 


Wh T. O-c. | Observa- 
tions. 
101°68 49°6 | +0:21 5 
10861 67 6 | +3:43 6 
10760 83 4 | + 0:03 4 
107-69 | 95:8) +031| 4 
10767 | 104-3 | —0-17 5 
107°36 | 113 -6 | -0-96 5 
107:09 | 120-1 | —1:57 8 
109°39 | 127 °5 | +032 4 
110°74 | 147 ‘8 | +0°23 4 
112°54 | 153 -4 | +1°50 5 
11345 | 168 -2 | +066 4 
113:19 | 185 ‘8 | —2°62 5 


which give— 
L=104:30 {1+¢x LZ" (708061) —# x £7 (514056) + # x L* (2-95041)}. 


The contrast between this result and the two preceding is great. With 
the iron magnet the change produced by the extreme range of temperature is 
a decrease from 214 to 205. When three-sevenths of the circuit are iron, and 
the rest steel, it is an increase from 135 to 188; and when all is steel, from 
102 to 113. The difference is more evident on computing the proportional 
change from 60° to 190°. It is for— 


Tron — 002886. 
Compound + 0:02849. 
Steel + 011892. 


In the two last, the parts subject to direct excitation are the same; in the 
two first they differ; on the other hand, the last differ in the parts which act 
solely by induction, while the first agree. Hence it seems probable that both 
in direct and inductive magnetization, the action of heat on steel is the reverse 
of iron. 

A series for various values of ¥ is given in— 

VOL. XXIII. 3Z 
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TaBLeE XXXIV. 


Lat60.| 7. p. a A. Ay | Coes 

202 158:35 | 89°7 2961-28 5 
0:02362 

203 146-87 | 94:8 2475'26 55°27 | 20°89 5 
0:02198 

204 138:97 | 73:0 2115°78 53°48 | 16:49 5 
0:05045 

205 84:95 | 65:9 1044:96 44-40 | 15:16 5 
0.07225 

206 44:87 | 66:1 490°25 13°55 5 
006141 

207 38:73 | 67 °7 390:27 26°96 | 14-42 5 
006511 

208 32:77 | 64°9 29873 13°55 5 
0:07422 

209 25°09 | 63°6 195°25 14°42 5 
0:04937 

210 15°45 0:00 14 
002371 

211 | 10:82 | 63:1] -195:25 5 
003769 

212 6:92 | 63°8 | - 298-73 9:06 9°04 5 
0:03376 

213 3°42 | 67:1 - 390°97 6:04 5 
0:06291 

214 | -— 2:87 | 65:5 | - 490-25 -— 1:29 5 
0712306 

215 | —71:13 | 68°8 | — 1044-96 — 10°71 5 


For the same ¥, Z is less than even in Table xxxu1., the inferior inductive 
transmission of the keeper and base lowering the excitation of the cylinders. 
The fifth column shows that the average change of Z for a given change of ¥ 
is less, but that it is more uniform, being in fact almost constant within the 
range of the positive values. It is probable that for the three magnets, the 
maximum L is about 300; now with the iron one y= 2592 gives ,% of this; 
with the compound 2960 gives 2 of it, and with the steel 2961 gives;&. With 
a reversed current Z continues positive much longer than in the preceding 
case, as might be expected from the permanent magnetism of the keeper and 
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base opposing the action of the current on the cylinders. In No. 212 the 
upper half of what in ordinary cases is the N cylinder was §S, the lower N, and 
vice versd in the other cylinder; the polarities of the keeper remaining un- 
changed, but the natural distribution was restored when the current ceased. 

The values of A are greater than those corresponding to the same L in the 
iron magnet, and their maximum would probably be higher, but their increase 
with ¥ shows that it was not reached, though No. 202 would probably have 
given it. 

A is, of course, still greater than in the compound magnet, bearing a con- 
siderable proportion to the whole force. In the two the lengths of saturated 
steel are as 7: 4; the As as 7: 5:3, the excess in the latter being due to the 
iron keeper. I have already remarked that when the steel has been fully mag- 
netized in one direction, that tendency continues, so that even after several re- 
versions of its polarity, it is far more easily magnetized in the original direction 
than the other. Analogous to this is the fact, which is shown still more clearly 
than in Table xxxu., that a positive ¥ gives a larger Z than a negative; and 
that the latter, unless it be great, merely destroys a portion of A, the Z being 
scarcely different from what is left of that. Thus in Nos. 208, 212, the posi- 
tive y gives 32°77 =A +1732; therefore, on any supposition of the resolution 
of magnetic force, we should expect its effect, when negative, to overpower A, 
and give a negative result; we, however, find L=+ 6-92 and A=9-04, with 
the additional fact that under such circumstances the state A has no existence. 
In 207, 213, + 390 gives 38-7, and 14:4; —390 gives + 3°4, and 6:0: the next 
pair give, the positive 44°9, and 13-6; the negative — 2-9, and—1-3. It seems 
from this, that steel (and, though in a less degree, iron) undergoes by being 
fully magnetized some change, which continues when the magnetism is de- 
stroyed. In virtue of that change it resists an opposite excitation, which may 
lessen its existing polarity, or even produce an opposite one; but the bias re- 
mains until an overwhelming power is applied which is sufficient to destroy it 
altogether, and substitute an opposite one in its stead. This, however, must 
far surpass that which originally produced it. In the present instance even 
the high y 1045 falls far short of this; and I think it not improbable that, had 
the magnet been left to itself, these As, which were diminished by reversed ex- 
citation, would have returned to their original magnitudes. 

322 
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In examining the different series of Z given by the various magnets with 
: 5 Pte -# A ‘ 
which I have experimented, it will be observed that ae the rate of increase 


of Z for a given change of y decreases as this variable increases, and so as to 
indicate that in each of them Z has a limit which it cannot pass by any amount 
of excitation. When I first noticed this, I explained it by supposing that the 
cause of magnetism, whatever it be, is present in each molecule only in finite 
quantity: if it be a hypothetic fluid decomposed into two of opposite powers, 
when all of it is so resolved, the process must stop. If we assume Ampére’s 
currents, when all of them are forced into the same plane and direction, there 
can be no further development of magnetism. This still seems to me to be 
the case, with a slight modification, which makes the limit depend also on the 
length of the circuit; for as we must consider the force at each pole to be the 
resultant of those which I have described as M and M’; and as each of these 
is the resultant of two others transmitted by induction, it follows that even an 
infinite y would not produce the total magnetization of the polar surfaces, as 
long as the portions of the circuit through which this induction takes place 
have a finite magnitude. The hollow magnet which I first used, and which 
with y= 4639-27 gave L=769°75, could not have passed 800 with any ¥, to 
judge from the curve of those variables. Had this magnet been solid, the limit 
might be expected to be one-third higher, or = 1067; but in the solid 2-inch 
magnet, with a circuit reduced to 16"2 instead of 36’, it is seen from Table xm. 
that this is exceeded by a ¥ not a fourth of the above, and with a ¥= 2548-59 
I got on one occasion £=1379:11. With the small iron magnet the maxi- 
mum is about 300, its section being one-third, and its circuit about three-fourths 
of those of the hollow one. These facts show that the limit is determined not 
merely by the section of a magnet, but by the other causes which I have pointed 
out as influencing the efficiency of the helices. More precise information can- 
not be expected till we possess an exact theory of the electro-magnet, but I 
may be permitted to give here an empirical formula which represents a consi- 
derable portion of these experiments with sufficient precision. 

AL 
Av 


as ¥, = would be as %; but it is not so, and the second must be multiplied 


It was suggested by examining the march of the sets of If LZ were 


Lifting Power of the Electro-Magnet. 529 


by a factor decreasing as Z or ¥ increases. Admitting a limit of L=A, the 
most obvious form of this factor is A — Z, which would give— 
dL dy 
Lx(4=Z) 7 by 
integrating which— : 


oh 


iy Ame ae 


Trying this by the numbers of Table xu, I found for 4 0°9918, so near 
unity that 6 may be taken = A, and the equation becomes finally— 


Axy 

Le Ae (18) 
B being the ¥ which will give half A, a quantity which, as I formerly re- 
marked, seems to have some marked properties, among which are that A is 
constant for every y which is greater than it, and that for all below it the L 
is not the same for direct and reverse currents if there be any permanent mag- 
netism. The formula supposes L to vanish with ¥; and, therefore, only ap- 
plies to the higher portion of the series. Perhaps it may be a residual portion 
of the true formula; but at all events it represents so much, that its constants 

appear to have a real physical significance, and I therefore give them in— 


TaBLeE XXXYV. 


Magnet Sect. c. A. B. P. Error. 


27-7 | 277-87 | 185-20 | + 
27-7 | 331-52 | 1796-76 | + 2:99 
27-7 | 309:85 |2719:19 | + 

781-07 | 35607 | +1061 
12-3 | 2032-16 | 39268 | + 9-84 
16-2 | 1399:14 | 293-78 | +10-41 
36-0 | 2569-40 | 867-40 | + 9-42 


Small Iron, Table xxx., . 
Compound, Table xxx. . 
Steel, . . Table xxxiv.. 
Elollowan come OU. 
2-Inch, . Table vu, 
Do. . Table xm, 
Large, . . Table xxvut., 


ORRWR HE 
w 
SS 
i=) 


Of these the first represents the first 10 of Table xxx., No. 155 being 
omitted, because in it the excitement appears to have been too weak to bring 
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out the magnetism, as may be inferred from its being less than half No. 154. 
The same may be observed in Table vu, No. 45, for which magnet I had a 
remarkable proof of it, trying the effect of a single pair of spires with y=13°56: 
L was only 12-97, only 0:071 of No. 45, while the y is 0272. In the second 
and third all are represented in which ¥ is positive. In the fourth the highest 
16 of the Table were taken: the agreement here is the worst, caused by the 
aberrance of the highest one, which is very discordant, owing to the magnet 
having been, for some time before it was taken, only slightly excited. In such 
cases I have always found a great-excess. The fifth is probably too far from 
the maximum, and the sixth would be much improved by omitting No. 58, 
which is not sufficiently excited. 

From the fragmentary character of this Paper, and those which preceded 
it, it may be useful to conclude with a brief summary of the principal results 
which they contain. 

An electro-magnet, whose circuit is closed, differs from one whose poles are 
not connected, in having little free magnetism, but a much higher polarization of 
its molecules. 

In this condition the magnetism of each molecule is in equilibrium under 
the action of four antagonist forces :— 

1. The direct action of the helices on each molecule. 

2. The action of the other magnetized molecules transmitted by induction 
through the iron: these tend to keep the two polarities apart. 

3. The coercive force, which in general seems to resist any magnetic change. 
And 

4. The mutual attraction of the polarities,—oppose their separation. 

If, when the magnet is thus excited, the current which passes through the 
helices be stopped, the force 1 vanishes, 4 prevails over 2, which therefore 
decreases, but which is now assisted by 3 opposing the decrease, as it had done 
the increase of polarity, and a new magnetic equilibrium occurs, which conti- 
nues until the keeper is raised, when almost the entire of the force 2 is destroyed. 
This “residual excitation,’ whose force I denote by A, is of a given amount as 
long as the previous excitation can produce a force greater than half the maxi- 
mum power of the magnet ; below that it decreases. It is not proportional to 
the maximum ; and if a current be passed while the magnet is in this state, the 


Lifting Power of the Electro-Magnet. 531 


effect produced is less than would be caused by adding it to another current 
capable of producing the force A. In this state all the molecules in the circuit 
must be equally polarized, for A is the same when only one arm has been ex- 
cited. It occurs, though but feebly, even when the keeper is separated from 
the poles by a very small interval. 

When the keeper is raised, and the force 2 is destroyed, a further decrease 
of the force takes place, till the coercive force 3 balances the attraction of the 
polarities. This is the case of residual or permanent magnetism, which I de- 
scribe by the force A; itis very powerful in hard steel, but is found in all iron 
however soft. By repeated excitation it rises to a maximum, and then is not 
entirely removed by reversing the current, unless that be able to produce half 
the maximum. If the magnet be hard steel, it is able to overpower a reverse 
excitation, whose Z would of itself considerably exceed it; and if destroyed it 
cannot be restored, but by one whose L is four or five times its own amount. 

An electro-magnet, like a permanent one, bears a greater load, if this be 
gradually increased. 

It requires a considerable time to attain its full power, not less, in any of the 
magnets which I have used, than ten minutes. 

It becomes less powerful by long-continued magnetization in one direction. 
This is connected with its acquiring permanent magnetism, and the reverse cur- 
rent then produces less effect than the direct, unless it can produce half the 
maximum. That current is, therefore, the best where the polarity is to reci- 
procate, as in electro-magnetic engines. 

It is affected by a rise of temperature. If of soft iron, its power decreases, 
though irregularly, having minima and maxima between 32° and 220°. The 
coefficients of the interpolation formula which represent the change, vary with 
the diameter and length of the magnet. 

In one of hard steel the power increases with the temperature from 50° to 
190° ; indeed, probably until the heat is sufficient to lower its temper. The 
amount of change is four times that of iron of the same dimensions. 

In one whose keeper and base are iron, but the parts covered by the helices 
steel, there is an increase almost exactly equal to the decrease in the iron one. 

The central part of the magnet is probably inactive. 

The force at the pole of an electro-magnet is the resultant of four others 
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transmitted to it by induction, two through the shorter distances between it and 
the centres of the helices, the other two through the complements of the cir- 
cuit. When any of these distances is increased, the corresponding force dimi- 
nishes. The effect of lengthening the entire circuit is considerably greater than 
that of lengthening the distance of the helices from the keeper. 

The resultants of pairs of these forces can be obtained separately, but they 
cannot be further separated, as the law of this magnetic composition is not yet 
known. 

The law of the inductive transmission of the magnetic force is equally un- 
known. It is not impeded by the magnetism of iron. 

Whatever impedes this transmission lessens the power of the magnet. 

The interposition of brass plates 0°12 thick reduces it to a quantity vary- 
ing from 0:24 to 0:03 of its normal amount, according to the nature of the 
magnet. In this case the force is as y’, and, therefore, the development of 
magnetism as 7. 

Even the interval between the keeper and polar surfaces, though the con- 
tact be as close as possible, reduces it to 0°91, or 0°95. 

Complete interruption of the circuit in the middle of the keeper reduces it 
to a value between 0:09 and 0:03, and one in the centre of the magnet from 
0°70 to 0°18, the diminution being less as the: circuit is longer, and the spires 
more uniformly distributed over it. 

When both interruptions exist, the two halves of the magnet act as sepa- 
rate bar magnets; but in this case the power, when greatest, is only a thirtieth 
of the normal value. 

A magnet, intended to act with the circuit closed, should have its spires col- 
lected as near the keeper as possible, and be as short as is compatible with 
having the necessary quantity of wire coiled on it ; if it be designed to act at 
a distance, it should be of considerable length, and have the spires uniformly 
distributed over it. 

If the resistance of one of the helices be greater than the internal resistance 
of the battery used, power is gained by employing them collaterally, but the 
expenditure of materials is doubled. 

In magnets of the same length, but different diameters, the actions of similar 
spires are as these diameters. 
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The action of a helix, y¥, is represented by the quantity of current multi- 
plied into the number of spires (not the length of wire, as is sometimes stated), 
and into a coefficient expressing the mean efficiency of these spires ; this effi- 
ciency decreases as the ratio of the spires’ radius to that of the magnet increases, 
at first rapidly, but afterwards very slowly, for that portion of the magnet which 
is in its plane. On parts out of the plane the action may even increase with 
the distance, but it is much feebler than the other. 

The lifting force Z is not proportional to any one power or exponential of 
y. The increase of it, corresponding to a given increase of y,, lessens conti- 
nually as y increases. This diminution is least in hard steel, but only because 
that material requires a higher exciting force to develop its magnetism. The 
rate of this decrease shows that there must be a maximum ZL for each magnet, 
which no magnitude of ¥ can make it exceed. This maximum is higher the 
greater the section of the magnet is, and the shorter its circuit. It seems the 
same for iron and hard steel. 

When the excitation is very feeble, Z seems to depend on A, the permanent 
magnetism, as well as on ¥ ; but in the higher powers solely on the latter. A 
tolerable approximation is given by an empirical formula, 


in which A is the maximum, and B that value of ¥ which would excite the 
magnet to half the maximum. This quantity appears to possess some remark- 
able properties, and may be considered a sort of modulus ; in steel, for instance, 


it is 14 times greater than in iron, and the fraction = 
B x section 


appears to be a 


good measure of the efficiency of any magnet. 
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IX.—On the Determination of the Intensity of the Earth's Magnetie Force in abso- 
lute Measure, by means of the Dip-Circle. By Humpurey Luoyn, D.D., D.C.L., 
F.RSS.L.§ E.; V.P.RILA; Corresponding Member of the Royal Society of 
Sciences at Gottingen ; Honorary Member of the American Philosophical So- 
ciety, of the Batavian Society of Sciences, and of the Societe de Physique et 
d Histoire Naturelle of Geneva, Se. &e. 


Read January 11, 1858, 


THE force exerted by the Earth upon a magnet is usually found by suspending 
the bar horizontally, and observing its time of vibration. The result thence 
obtained is the product of the horizontal component of the Earth’s magnetic 
force by the magnetic moment of the magnet ; and before we can know the value 
of either of the factors which compose it, observation must furnish another re- 
sult in which they are combined differently. This is effected, in the method 
of Gauss, by using the same magnet to deflect another, similarly suspended, 
and by observing the angles of deflection at known distances: this observa- 
tion gives the ratio of the magnetic moment of the deflecting magnet to the 
horizontal component of the Earth’s force, and the two factors are therefore 
absolutely known. 

This method, although much improved by the labours of Lamont and 
others, has one insurmountable imperfection. The total force must be inferred 
from its horizontal component, by multiplying by the secant of the inclination ; 
the relative error of the deduced force, arising from a given error of incli- 
nation, varies, therefore, as the tangent of that angle, and when the inclination 
approaches to 90° it becomes very considerable. The method is, accordingly, 
unsuited to the high magnetic latitudes. 

4a2 
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I was induced to consider the means of supplying this defect some years 
ago, upon the occasion of the Arctic Expeditions of 1845 and 1848; and I 
then suggested another process, by which the total intensity might be found 
directly, without the intervention of its horizontal component. In the paper in 
which it was explained,* it was shown that the ordinary dip-circle may be em- 
ployed in the two parts of the observation,—the product of the Earth’s magnetic 
force into the moment of free magnetism of the needle being determined, by 
observing the position of equilibrium of the dipping-needle loaded with a 
small weight, and the ratio of the same quantities being found (as in Gauss’s 
method) by removing the needle, and employing it to deflect another substi- 
tuted in its place. Subsequent considerations, however, derived from the pro- 
bable errors of observation, led me to propose that the dip-circle should be 
employed only in one part of this process, and that the observation should be 
completed by the known methods. 

The present communication is intended to show in what manner this com- 
plication may be avoided, and the original proposal carried out. It is of great 
importance to the scientific traveller that the instruments which he has to carry 
should be reduced, as far as possible, in number and in weight, and that their 
adjustments should be few and simple ; and it is believed that these objects are 
attainable by the method explained in this paper. Before entering into details 
it will be convenient to revert to the simple theoretical principles on which it 
is founded. 

If X and Y denote the horizontal and vertical components of the Earth’s 
magnetic force, M the magnetic moment of the needle acted on, and a the azi- 
muth of the plane in which it moves, measured from the magnetic meridian, 
the effective forces exerted upon it are— 


MX cosa, MY; 
and their moment to turn the needle is— 
M(Y cos y—X cosa sin), 


7 denoting the actual inclination of the needle to the horizon. This moment 
is opposed by that of the added weight, or by Wr, W being the weight, and r 


* Proceedings of the Royal Irish Academy, January 24, 1848. 
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the radius of the pulley by which it acts;* and the equation of equilibrium is 
therefore— 
M (Y¥ cosy—X cosa sin yn) = Wr. (1) 


When the needle is removed, in the second part of the process, and applied 
to deflect another substituted in its place, the moment of its force to turn the 
latter is 


MMU; 


in which J/’ is the moment of free magnetism of the second needle, and Ua 
function of the distance of the centres of the two needles, and of certain inte- 
grals depending on the distribution of free magnetism in them. The moment 
of the Earth’s magnetic force, opposed to this, is of the form already assigned, in 
which we have only to substitute MZ’, x’, and a’, for M, y, and a. Hence the 
equation of equilibrium is 


Y cosy! — X cosa’ sin x’ = MU; (2) 


the quantity M’ disappearing from the result. The magnetic moment of the 
deflecting needle, M, is eliminated from equations (1) and (2) by multipli- 
cation ; and we shall thus obtain a single relation between the intensity of 
the Earth’s magnetic force, the observed angles a, », a’, y’, and the quanti- 
ties W, r, and U. Hence the magnetic intensity will be determined when 
these are known. 

There are three obvious cases of these formule, each of which suggests 
a different method for the determination of the terrestrial magnetic intensity. 

1. When the planes in which the needles move coincide with the magnetic 
meridian, or a= 0, a’ = 0, the left-hand members of (1) and (2) are reduced to 
MR sin (0—»), sin (0-7) ; & denoting the total force, and @ the inclina- 
tion. Whence, by multiplication, we have 


R? sin (6 —n) sin (0-1) =U Wr. (3) 


“ It is here supposed that the weight is attached to a fine thread passing round a light 
pulley, whose centre is on the axis of the cylindrical axle of the needle, in the manner proposed by 
Mr, Fox. If the weight be attached to the southern arm of the needle, at a fixed point, its mo- 
ment is Wr cos 4. 
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2. When the planes in which the needles move are perpendicular to the 
magnetic meridian, or a= 90°, a’ =90°, the left-hand members of (1) and (2) 
become, respectively, MY cos y, Y cosy’ ; whence 


Y? cosy cosy =UWr. (4) 


3. Finally, the equilibrium may be produced, in both cases, by turning the 
instrument in azimuth until the free needle stands vertically. In this case 
n= 90°, »' =90°, and the left-hand members become — MX cosa, — X cosa’; 
whence 

X? cosa cosa’ = UWr. (5) 

Thus we may apply this principle to the determination of the total inten- 
sity, or to that of either of its two components. 

In comparing the foregoing methods, it is to be observed that the third fails 
when the inclination approaches to 90°, on account of the magnitude of the 
error of & resulting from a given error of @, when the total force is deduced 
from its horizontal component. In like manner, and for the same reason, the 
second method fails in the vicinity of the magnetic equator, or line of no in- 
clination. The first alone is applicable at all parts of the Earth’s surface, 
and I proceed to consider it more in detail. 

The observed angles, y and 7/, are liable to error, the friction of the needles 
on their supports causing them to rest in positions slightly different from those 
due to the acting forces. The probable errors of 7 and 7’, due to this cause, 
vary with the angles themselves. To determine their magnitude in any case, 
we have 

MR sin (0-1) = F, 
F being the moment of the deflecting force ; and when friction is taken into 
account, 
MR sin (0-4 + An)=F +f; 
Ff denoting the moment of friction, and 1— Ay the new angle of equilibrium. 
Developing the latter equation, and subtracting the former, 


MR cos (0-1) An=/; 
the angle Ay being expressed in parts of radius. Hence, cos (@— 1) Ay is con- 
stant with a given instrument, and at a given point of the Earth’s surface. 
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To find the probable error of the force corresponding to the error of the 
observed angle, we must differentiate the equation of equilibrium, MR sin u=F, 
with respect to & and w, where u=0—1; and we have 

ARsinu+& cos u Au=0. 
But 
u=3(m—%m), 
m and 4, being the observed angles of inclination under the two opposite ac- 
tions of the deflecting force. Hence, the probable error of u is 


el 
Au=$/ An’; + Ar’, = — An; 


V2 
since Ay, = Am. Accordingly, the second term of the preceding equation be- 
1 lf : 
comes 75 4 cos u Ayn = 73} and we have 


joel saar 

M /2sin u 

We learn, then, that the probable error of the force varies inversely as the 
sine of the angle of deflection ; and that it is therefore requisite for accuracy 
that this angle should be considerable. There is no difficulty in augmenting 
the angle of deflection as much as we please in the first part of the process, in 
which the magnet is deflected by a weight; but in the second, the case is 
different, and with the slender needles to be employed as deflectors, a large 
deflection can only be obtained by placing the deflecting needle at a very 
short distance from the moveable one. The most convenient arrangement 
appears to be to attach the deflecting needle to the moveable arm of the divided 
circle which carries the verniers, and at right angles to the wires of the micro- 
scopes.* So attached, it must always be rendered perpendicular to the 


A 


* To obtain the value of AR by observation, we must substitute for fits value given above. 
But when 7=9, or when the needle is undeflected, f= ZRAO; wherefore 
— RAO 
V72sin u- 
In the instrument with which I made trial of this method, the length of the needles was 34 inches, 
and the angle of deflection produced, in the position of the deflecting needle here described, was 


AR= 
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deflected needle in the course of the observation, although in a different 
plane. 

The form of the function denoted by JU, in this position, is easily found. 

Let the distances of any points of the axes of the deflecting and deflected 
magnets from their respective centres be denoted by r and 7’, and let p and p’ 
denote the quantities of free magnetism at these points, contained in the slices 
perpendicular to the axes whose thicknesses are dr and dr’. Then the force 
exerted by the former upon the latter is 

pp'dr dr’ 


’ 
2 


z denoting their mutual distance. The portion of this force contained in the 
plane of the deflected magnet, and perpendicular to its axis, is 
'd d / 
LAL 
Z z 
and the moment of this force to turn the magnet is obtained by multiplying by 
jp Veavhe 
2? — D + Vind ar, 
D being the distance of the centres of the two magnets ; and accordingly the 
total moment of the acting forces is 


ey eee 
Io ec ll 


Expanding the denominator, and making, for abridgment, 


jurdr =M,, jur'dr =WM,, jur'dr =M;, &e., 
(u'r'dr’ = M, fu'rdr' = M’,, ju'r? dr’ = M',, , &c., 


in which the integrals are to be taken between the limits r=+/, r’=+I’, / and U’ 
being half the lengths of the two magnets, this becomes 


24° 10’. But the probable error of a single reading of the inclination, obtained by repetition—the 
needle being lifted off the agate planes between the successive readings—was 1'"6; and if fowr read- 
ings (which is a very usual number) be taken, the probable error of their mean will be one-half of 
this. In this case, therefore, A@=0'-8; and the probable error of the deduced force, computed by 
the preceding formula, is AR=:00040 R. 


4 
@ 
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1 3 /iputlonnd fa i hia 
a le’ —3 (MM + MMs) 5+ 3-5 (MM! + 2,M + MM) H+ we, 


or MM’ U, in which 


he OV ie Noel eels, (a M,M’, M';\ 1 
T= F\1-3(4¢ it) Dw (act? ae ae +a) pit hel 
rh ae 5 MG tits 
Now it is to be observed, that the variations of the ratios TT Ww &e., 


arising from the variations of , are of a lower order of magnitude than that of 
M, and may be disregarded in their effect upon the value of U.* On the sup- 
position that the quantity of free magnetism, at any point of a magnet, is pro- 
portional to the distance from the centre, or that h=kr, we have 


M= 3k, M,=2kl', M; = #kl’, 
and when k becomes & — é, these values will all be altered proportionally, and 


consequently the ratios a an &e., will be absolutely unchanged; and the 
same thing is manifestly true, if the quantity of free magnetism be supposed to 
vary as any simple power of the distance, whether integer or fractional. 

This is a point of considerable importance in reference to the method now 
proposed. For it follows that, at a given distance between the two needles, the 
function U may be regarded as constant ; and, therefore, that, even when U is 
unknown, the value of & will be relatively determined, by a process which is 
independent of the changes induced by time in the magnetic moments of the 
needlesemployed. Accordingly, if the value of the force be found at any one 
place, by any independent means, it will be absolutely known at all; and it is 
only necessary that the observer should include in his series an observation at 
some base-station, at which the absolute value of the force is determined simul- 
taneously by the ordinary method. 

I now proceed to show, however, that the value of the constant U may be 
found by deflection, by the instrument itself, and without any subsidiary appa- 
ratus ; and that the method may therefore be rendered rigorously absolute. It 
is obvious that the ordinary process is inapplicable in this case, owing to the 
large number of terms which acquire a sensible value, in the value of the func- 


* This circumstance was first pointed out by Dr. Lamont. 
VOL. XXIII 4B 
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tion U, and the consequent difficulty and uncertainty of the elimination: more- 
over, the position which has been adopted for the deflecting needle will not 
admit of the required alteration of distance. 

Now here I premise, that it is not necessary that the usual deflection dis- 
tance should be one of the series employed in deducing the coefficients of the 
inverse powers of the distance in the value of U: it is not even requisite that the 
relative positions of the two magnets should be the same in the two cases. For 
if the value of the corresponding function be found, for any other position, and at 
any distance, that of U will be known by a comparison of the deflections pro- 
duced. Accordingly, I propose to determine, in the first place, the value of the 
corresponding function in a different relative position of the two magnets, and 
by means of deflections at the usual distances; and thence to conclude that of 
U in the position of the magnets here employed. 

In using the dip-circle for this purpose, it will be found most convenient 
to adopt the third of the methods above described, in which the equilibrium is 
produced by turning the instrument in azimuth until the deflected magnet be- 
comes vertical; for in this case the deflecting magnet is always horizontal, and 
can be placed in the usual position with respect to the deflected magnet without 
difficulty. For this purpose the apparatus is provided with a gun-metal bar, 
the middle of which is broad, and has a rectangular aperture which enables it 
to pass over the box containing the deflected magnet: this bar rests horizontally 
on two supports fixed outside the box, on the level of the agate planes. The de- 
flecting magnet is to be placed on this support at different known distances, and 
on each side of the deflected magnet, its axis being in the plane in which the 
latter moves ; and the apparatus is to be turned in azimuth until the deflected 
needle is vertical. In this case equation (2) becomes 

—Xcosa=MY/; 
in which V is of the form 


where 


Me WM, «Mi, MiMi 45M 
To. 8-8 ae * 


Let V1, V2, V3, &c., denote the values of V corresponding to the distances D,, 


p=2 
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Dz, Ds, &e. ; and a), a, as, &e., the corresponding azimuths observed ; then it is 
obvious that 


V2 cos a, — V, cos a, =0, V; cos a, — V,; cos as = 0, &e., 


from which equations the values of the coefficients p, g, &c., are obtained by 
elimination in the usual manner. Hence V is completely determined. 

Now let the deflecting magnet be removed from the horizontal bar, and 
placed in its ordinary position between the microscopes; and let the observa- 
tion be repeated, the instrument being turned in azimuth until the deflected 
needle is vertical. Then, if aj denote the corresponding azimuth, we have 


—-X cosa =MU; 


whence there is 
; COS ay 


Vie 


cos a” 


Thus the uncertainty of the result, arising from the smallness of the angle of 
deflection at the usual distances, is removed from the regular series of observa- 
tions, and is thrown upon the determination of the constant, which may be 
made at leisure, whenever convenient, and may be repeated as often as is re- 
quired for accuracy. 

In speaking of U as constant, and independent of the changes of the mag- 
netic moments of the needles, I have expressly limited the statement to those 
small and regular losses of magnetism which occur in time. It would not be 
safe to extend the assumption to the case of the larger changes brought about 
abruptly by concussion, or any other accidental cause ; and still less to those in 
which the magnetic distribution of the needles is altered by contact with, or 
proximity to, magnetic bodies, In such cases (the occurrence of which is 
easily detected) the value of the constant U7 should be re-determined. 

It may be useful to add a few words respecting the order of the observa- 
tions. 

The apparatus should be furnished with three needles, all of the same size, 
viz., 34inches in length. One of these (which we shall denote by the letter A) is 
to be employed in observations of inclination: the other two, B and C, are to 
be used in the observations of intensity,—B being the loaded needle, which is 

4B2 


544 The Rev. Dr. Luoyp on the Determination of 


also used as a deflector, and C the deflected needle. The two latter needles 
should not have their poles reversed, nor be touched with a magnet. 

The observations may be conveniently taken in the following order:— 

1. Needle A is to be placed on the agate planes, the other two needles 
being removed, and a complete observation of inclination taken in the four 
usual positions of the needle and limb, and with the poles of the needle direct 
and inverted. 

2. Needle A is then to be removed, and the loaded needle, B, substituted ; 
and its inclination to the horizon, x, is to be observed in the four positions of 
the needle and limb. The deviation of this needle from the position due to the 
Earth’s magnetic force alone is w= @-y, the angle 7 being positive when mea- 
sured at the same side of the horizontal line with @, and negative in the contrary 
case. 

3. Needle B is now to be removed from the agate planes to its supports 
between the microscopes, and needle C substituted ; and the inclination of the 
latter to the horizon is then to be observed in one position of the needle and 
limb. The observation is to be repeated with the north end of needle B turned 
in the opposite direction, by the revolution of the moveable arms which carry 
the microscopes ; half the difference of the readings in the two positions is the 
angle of deflection, 

The total intensity is given by the formula 


which is fitted, without any artifice, for logarithmic computation.* 

Tn strictness a correction is required for the effect of the change of tempera- 
ture of needle B, in the two observations in which it is employed ; but as one 
of these observations may be made to follow the other quickly, and as the 
needle may be placed in both in nearly the same circumstances, the correction 
may generally be disregarded. It will be necessary, however, that this needle, 


* If the weight be attached to the loaded needle at a fixed point, the formula becomes 


R —_—— . COS 7 


sin u sin wu! 
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when employed as a deflector, should be protected from the heat of the ob- 
server’s body by a small case of glass or of metal. 

The method here proposed appears to offer the following advantages to the 
travelling observer :— 

1. It is applicable, with equal accuracy, at all parts of the globe. 

2. It dispenses with the employment of a separate instrument for the deter- 
mination of the magnetic intensity, and with the separate adjustments required 
in erecting it. 

3. The constants to be determined—the magnitude of the added weight, 
and the radius of the pulley by which it acts—can be ascertained with more 
ease and certainty than those which are required in the method of vibrations, 
and are less liable to subsequent change. 

4. The observations themselves are less varied in character than the usual 
ones, and may be completed in a shorter time. 


yy 
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X.—The Genus Oldhamia (Forbes): its Character, probable Affinities, Modes 
of Occurrence, and a Description of the Nature of the Localities in which it 
occurs in the Cambrian Rocks of Wicklow and Dublin. By Joun Ropert 
Krnanan, MV. D., Professor of Zoology, Department of Science and Art. 


Read April 12, 1858. 


IN certain schistose beds found at Bray Head, county of Wicklow, and Howth, 
county of Dublin, and which by the geologists of the United Kingdom are assigned 
a place among the Cambrian system, or that which at present is universally re- 
cognised as the lowest of the stratified rocks (whether, as some assert, itself a 
system distinct from the Silurian; or, as others look on it, only a large portion of, 
and not distinct from that formation), are found certain markings of a very 
peculiar nature, occurring in mass, and now generally recognised as casts of 
an animal assemblage, belonging either to the Polyzoan or Hydrozoan alli- 
ance. To seek out the probable zoological relations of these, and to describe 
the varieties which are found, is the intention of this paper. The fossils never 
having been described or figured, with the exception of a few imperfect figures— 
e. g., the small woodcut originally published by Str RopErick Murcuison in 
“ Siluria,” and which has been repeated in other works, such as the lamented 
Hucu Mitter’s “ Testimony of the Rocks,” in which the locality whence the 
specimen was obtained is misquoted as“ Wray Head” for Bray Head—it is pro- 
posed to figure here the more important varieties which occur; the wood- 
cuts accurately taken from specimens obtained by myself at Bray Head, and 
elsewhere, and which I have placed in the National Museum, at the Royal 
Dublin Society, in this city. 

Although geologists are now perfectly agreed as to the organic nature of 
these remains, it may not be unnecessary to recapitulate the points which dis- 
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tinguish them from the pseudomorphic shapes masses of crystals often assume. 
First : their symmetrical regularity of form, this having a constancy of direction 
as regards the bedding, not passing through it in every direction, as crystals 
always do. Second: the mode of their occurrence, abundantly, yet not univer- 
sally, distributed through the beds, the fossils bearing a uniform relation to the 
line of stratification of the beds in which they occur. Third: the permanency 
of character of the fossils, even when the beds are situate in localities at 
great distances from each other, and are dissimilar in their chemical and physical 
constitutions. Fourth: the constant occurrence of the fossils in beds whose 
formation is due to aqueous action ; in certain portions only of these; and 
almost always in company with traces of undoubted remains of animals of 
aquatic habits, identical with archetypes existent at the present day. And, 
lastly: the close agreement of the fossils in form with certain living aquatic types. 
These characters conjoined supply a mass of evidence which render untenable 
every theory which would assign to these fossils any origin save that before 
stated, viz., that they are what are commonly called organic remains, and, ac- 
cordingly, the genus Oldhamia is now recognised in all books on Paleon- 
tology. 

Before proceeding to the consideration of the affinities of the fossil, it will 
be but right to mention briefly the more important communications relative to 
it published in geologic works,—a task fortunately comparatively light, as, if we 
except its discoverer, the only author who has given us any information re- 
garding it is Epwarp Forses,—other authors contenting themselves, as far as I 
can learn, with recording its existence, without any notice of its mode of occur- 
rence or structure. 

The earliest reference to this fossil will be found in the “ Journal of the Geo- 
logical Society of Dublin” for 1844. In an abstract of a paper on the Rocks 
at Bray Head, by T. Orpuam, Curator of the Society, afterwards Professor of 
Geology in Trinity College, and now Director of the Indian Geological Survey, 
where, in combating the idea that the great rock mass now called Cambrian was 
primary, the author states that he “had not as yet been successful in finding orga- 
nic remains in the slate rocks Bray Head, with the exception of some small zoophy- 
tic markings, which did not appear referable to known genera.”—vol. iii. p. 68. 

The next notice occurs in the same Journal, an abstract of a paper read 
15th November, 1848, “On Oldhamia, a new genus of Silurian Fossils,” by 
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Epwarp Forszs, Palxontologist to the Geological Survey, in which the fol- 
lowing sentences occur:— 

“ These bodies (i. e. certain plant-like impressions) present the appearance 
in most specimens of a central filiform axis, with fasciculi of short radiating 
branches proceeding from its sides at regular intervals, or of branches of such 
filiform rays without an axis. A close examination of them shows, that each 
branch is formed of a series of articulations marking the positions of minute 
cells. The entire body presents a striking resemblance to the arrangement of 
parts in certain Zoophytes, as in Sertularia cupressina, but also consistent with 
those exhibited in many Bryozoa (Polyzoa), as in Gemellaria and Cellaria, an 
alliance more in accordance with the minute structure. I propose the name Old- 
hamia for these remarkable fossils in honour of their discoverer, who has in 
them made us acquainted with what in all probability is a group of Ascidian 
Zoophytes, or rather compound tunicated Mollusca, in stratified rocks of a very 
early date.”—vol. iv. p. 20. 

Tomit the rest of the abstract, as not bearing on the subject, and have itali- 
cized those parts of this description to which I wish particularly to refer. 

Two species of the genus thus published were subsequently distinguished 
by Professor Forprs (but without description, that I can find), under the names 
of Old. antiqua, and Old. radiata, and are to be found commonly in museums, 
and also in catalogues of fossils under these names. 

We now proceed to the subject of the affinities of the group, omitting for 
the present a detailed description of its characters. 


Probable Affinities of Groups. 


Professor Forpes, as will be seen from the extract given above, while 
suggesting the possibility of either of two distinct alliances for these fossils, 
obviously leans more strongly to that which supposes them to have been 
Polyzoan molluscoids ; and, if I venture to dissent from an opinion put for- 
ward by one deservedly of so much authority as an accurate and philosophi- 
cal observer, it is solely because I have had more numerous and better 
opportunities of studying these fossils than fell to his lot—having for the 
past two years been making frequent, often nearly daily, examinations of the 
rocks at Bray in which the fossils occur. I should state, also, that I had 
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arrived at this conclusion as to their nature, long before I read Forpgs’s opi- 
nion on the subject, or before I was aware of its existence, as my study of 
the fossil was made in the field in the first instance as a mere amusement, not 
with the object of either establishing or overturning any theories. I feel 
strengthened in my opinion, as I find that every naturalist I have spoken to 
on the subject, or shown my specimens to, since, seemed to be of the same opi- 
nion. It must, at the same time, be confessed, that to bring forward any argu- 
ment in favour of Hydrozoa over Polyzoa, which will appear conclusive on 
paper, is a task of extreme difficulty. The distinctions between the two alli- 
ances, though tangible enough to the practised eye, cannot be described in 
such precise language as will be diagnostic to every reader; these distinctions 
being only appreciable on a careful and patient comparison of the general cha- 
racters of an obscure structure, which, owing to the similar mode of growth in 
the two groups of animals, is almost undistinguishable in the two cases; and by 
a cautious consideration of the true bearing on the general character of the 
two groups, of those several points of structure which are yet appreciable. 

This difficulty, need not cause any astonishment, when it is recollected that 
but a few years since these two great groups, the Polyzoan Mollusc and the 
Hydrozoan Acrite, were unhesitatingly classed together; and furthermore, that 
even among recent species, widely different as the animals are in their structure, 
and the relation of their organs, yet in many cases, so similar 
is the arrangement of their parts, it is impossible to decide 
a priori from the skeleton whether it is a Polyzoan or 
Sertularian Hydrozoan which is under examination,—in 
our present state of knowledge, a reference to the soft 
parts alone enabling us positively to determine the ques- 
tion. 

If we compare Oldhamia antiqua (Fig. 1) with speci- 
mens of Sertularia argentea, the resemblance is so close, 
that some years since these would have been by palzeonto- 
logists pronounced specifically identical. In fact, by embed- — qua:—erect polypidom ex- 
ding in plaster the dried polypidom of S. argentea dredged at biting altemate mode of 
Bray, and from this artificial fossil taking a cast, I have ob- She Be 
tained casts which, in no respect, differ from the specimen appearance of fossil. Be- 


; : . - ; d Brandy Hole, Bray 
of Oldhamia, of which Fig. 1 is an engraving. ae Heed Me 
fo) fo} Head. 


Fig. 1. Oldhamia anti- 
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After a careful examination of a great number of the recent Polyzoa, I 
have never yet met a species which approaches these fossil forms, nor can I 
perceive in Oldhamia the minute structure spoken of by Forses as more in ac- 
cordance with the Polyzoan alliance than the Hydrozoan. There is among 
the collection of the Geological Survey of Ireland a fossil marked from the beds 
at Carrickmount, but which is yet undescribed, and more like a Polyzoan than 
a Sertularian ; perhaps this may have been the specimen which was under 
Forses’s eye when he penned those remarks. I have not described this till I 
have seen more specimens, and know more about its locality, but it is certainly 
unlike Oldhamia. 

The mode in which these remains occur in matted masses may be seen 
among the Sertularide any day, but I am not aware that any such great grega- 
rious assemblages of the Polyzoa occurs, at least among our recent species of 
this form. This is, however, an argument of little moment. The places 
in which it occurred also appear to have been similar to those in which Sertu- 
laridee of our day most love to dwell. 

We shall next proceed to the consideration of the characters of the genus. 


Mode of Occurrence and Generalities concerning Genus. 


The species described by Forszss are so dissimilar in 
appearance that it is questionable whether it would not 
be more convenient to place them under separate genera, 
especially as there is a second type like Old. antiqua, 
which I propose to describe as distinct; Old. antiqua 
(Fig. 2), and the undescribed form, for which I propose 
the provisional name of “ discreta,” being furnished with 


es ° ° E 5 5 : Fig. 2. Conyolute polypidom 
_a distinct axis, from either side of which alternating fans o¢ gyanamia antiqua, exhibit- 


of branches arise at regular intervals; while Old. radiata _ ing enlarged summits of branch- 


(Fig. 3) is destitute of any central axis—its mode of “* ™” ™* 


growth irregular, the branches springing from a common point, so that the po- 

lypidom, flattened from above, is stellariform more or less regularly, according 

as the axes are equal in length or not. The radial character of this form is 

occasionally badly marked (Fig. 4), so that it has been surmised that two 

forms were confounded under the one name; but in our present state of know- 

ledge it appears unadvisable to name this variety, as it is not more distinct 
402 
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than many forms of living Sertularide which have been proved to be the 
same. Intermediate forms between the two exist. 


= Sy} 


~ 


Fig. 3. Oldhamia radiata.—A cast. Bray Fig. 4. Oldhamia antiqua.—Creeping form. Gray- 
Head. The opposite side of this specimen ex- stones, county of Wicklow. 
hibits 0. antigua. 


In the manner of their occurrence, Old. radiata and Old. antiqua are simi- 
lar. Immense beds, or series of beds, often several feet thick, as the section 


Fic. 5. Slab of Oldhamia radiata, exhibiting the ordinary radial character of the animal. a, the elon- 
gated form, and XY, the depth of the bed. Graystones, county of Wicklow. 


10. 
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EXPLANATION OF SECTION. 


Greenish-gray bed of closely compressed Oldhamia radiata, 
12 inches thick. 


. Green compact quartzose grit, underlying greenish-gray 


schist, on which it also rests; 7 feet 7 inches thick. 


Thin layer of Old. radiata, badly marked, lying on green and 
red schists, which are interspersed with vertical and hori- 
zontal Arenicolites, and gradually pass into red grit ; from 
18 inches to 2 feet 6 inches thick. 


- Red shale; fine red micaceous gritty slate; compact red 


shale; 9 inches thick. 


Oldhamia radiata in series of beds from 0-25 inch to 3 
inches, interstratified with compact red shale ; series of beds 
15 to 24inches thick, 


- Oldhamia radiata, in thin beds, interstratified with red shale 


and green grit; 12 inches thick. 


Compact red grit, with traces-resembling coral; 15 inches 
thick. 


. Compact red shale; 6 inches thick. 


. Red schist and Oldhamia radiata, in beds, passing into red 


grit; scattered fans of Oldhamia antigua also rarely occur 
here; 15 inches thick. 


Grit, similar to No. 2. 


xe @ a, Oldhamia beds. 
Es c ¢, Schist and slates. 


b, Quartzose grit beds. 


ES d d, Shales. 


€  e, Coralloid traces. 


Vertical Section of Rock in neighbourhood of Periwinkle Rocks, bray Head, showing General Relations, and 


Lie of the Fossiliferous Strata. These beds are much distorted. 
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given at page 553, taken near the Periwinkle Rocks, Bray, shows, the beds being 
constituted of a matted mass of polypidoms. These are in layers, compressed, 
and more or less intermingled with the substance of the rock, which varies 
from a fine sandstone of extreme hardness and crystalline structure to a friable 
shaly bed, with but little lamination. The best marked specimens and thickest 
beds occur in the harder rocks. 

The beds in which Old. antiqua occur are never of the extreme hardness of 
those in which O. radiata is found most abundantly. The beds are indiffe- 
rently either red or green in colour. In the shaly beds, which, much softer in 
texture, underlie the grit beds, the fossils occur only as scattered fans, or 
broken and fragmentary filaments. In the denser beds the whole mass is so 
compressed and intermingled as to render it impossible to make out more than 
a confused radiating structure. Fig. 5 (p. 552) represents a specimen from such a 
bed, in which, however, the fossil is better marked than usual ; the section at 
the right-hand side of the plate shows the true thickness of the bed. Distor- 
tion by means of cleavage occurs; this is represented in Fig. 9; the woodcut, 
however, gives but an imperfect idea of the specimen. 

Old. antiqua does not, as a rule, occur in either as dense or thick masses 
as the other species, and in many stations in Bray it merely, as it were, coats 
the top of the beds, and even in the thickest series of beds it is seldom, if ever, 
so abundant as regards specimens; the beds in which it occurs also readily 
separate into lamine. At Howth it is equally sparingly diffused in the slaty 
beds in which it occurs at Puck’s Rocks. 

These facts would lead to the surmise that these were animals dwelling in a 
sandy sea bottom, mud being obnoxious to their existence. 

The species occur distinct, but beds of Old. antiqua are sometimes inter- 
stratified between those of Old. radiata. One specimen, a quarter of an inch 
thick, Fig. 3, upper surface, exhibits Old. antiqua with an odd star of Old. ra- 
diata on one side, and Old. radiata on the other. Scattered fans of Old. anti- 
qua sometimes occur, though rarely, in the beds of Old. radiata. So that it is 
evident that the species lived under different conditions, Oldhamia antiqua in 
the muddier seas, and least abundantly, and that hence the species have been 
preserved distinct, exactly as at the present day, when two species of animals, 
inhabitants of the same bay (but either dwelling in different depths, and, there- 
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fore, subject to the action of different currents, or else in their greatest abun- 
dance, or decay, at different seasons) will be found to abound among the drift 
at distinct periods. 

It is remarkable, also, that Old. antiqua, though the stations in which it 
occurs are numerically nearly equal to those in which O. radiata is found, yet 
neither are the series of beds as well marked, nor the specimens, as before 
stated, as numerous. 

The beds in which the fossils of both species occur are remarkable for being 
permeated by those long, rounded fossils to which I drew attention in a paper 
read before the Geological Society of this city in November, 1856 ;* and sub- 
sequently described more in full before the same So- 
ciety, and also in a communication laid before Sec- 
tion C, British Association, September, 1857 ;f and 
then proved to have been the tracks of wandering 
worms, and also of worms of a type probably allied to 
the common Arenicola piscatorius. 'The openings of the 
burrows of three of this latter type are figured in Fig. 6. 
These annelidan tracks generally are most abundant in _Fig. 6. Convolute polypidom, 
the beds above the layers of Oldhamia, and sometimes eee anes 
passing from the beds beneath these to the bed above one side of axis only; three 
They afford a strong proof of the former organic nature Pair of openings of burrows of 

5 Arenicolites didyma (Salter ?) 
of these fossils, as the worms which formed them pro- 4,. sown. Bray Head, beyond 
bably derived a great portion of their nourishment from Brandy Hole. 
these decomposing zoophytes. 


DESCRIPTION OF GENUS AND SPECIES. 
Oldhamia (Forbes). 


Polypidom rooted, plant-like, variously branched, stemmed, or the branch- 
lets arising from a central point ; stems erect or creeping ; branchlets irregu- 
lar, dichotomous (?) ; cells biserial, alternate or subalternate. 


* Journal of the Geological Society of Dublin, vol. vit., p. 184, Plate v., Figs. 1, 2, 3, 4, 5: 
—‘ On Annelidoid Tracks in the Rocks of Bray Head.” 

+ Journal of the Geological Society of Dublin, vol. viii., p. 68, Plate vu., Figs. 1,2:—‘‘ On the 
Zoological Relations of Bray Head and Howth, with an Account of the Fossils of Irish Cambria.” 
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Oldhamia antiqua (Forbes). Figs. 1, 2, 6, 7. 


Polypidom cauliferous ; stem percurrent, sub-flexuous, filiform ; furnished 
with short fan-shaped branchlets, arranged at regular intervals; branchlets 
straight, very slightly sub-flexuous, few in number ; cells biserial and alternate. 
Locality: schist rocks, Bray, Graystones, Carrickmount, county of Wicklow; 
Howth, county of Dublin. 

Two varieties of this are figured: Figs. 1,2, 6, represent the ordinary form ; 
the fans are far apart and distinct, and their secondary axes few in number, 
somewhat dichotomous; the cells which constitute them well marked. 

The second variety (Fig. 7) is often mistaken for a 
state of Old. radiata, but is readily distinguished by the 
presence of the central axis. In this the fans are closely 
crowded, their terminating cells broader than the basal 
ones, so that in some specimens these are quite club- 
shaped ; the secondary axes are numerous, much more 
so than in the otherform. All the specimens figured are : 
from Bray Head. Fig. 7. Oldhamia antiqua(?) 

The specimens from Howth differ in some respects — exhibiting closely crowded fas- 
from those at Bray, and may be a distinct form. The ‘wi and numerons branch- 

lets. Bray Head. 
secondary axes are broader, markedly so towards their 
tips ; the fans few rayed, far apart, and patent. Fine specimens may be seen 
in the Geological Survey Collection at the Museum of Irish Industry. The 
same form occurs at Carrickmount Reilly, county of Wicklow. The speci- 
mens of this species which occur scattered through the red shale at Bray are 
much finer in texture than any of the varieties described. 


Among the specimens collected by the officers of the Survey, some years 
ago, at Carrickmount, county of Wicklow, are several, occurring in a yellow 
schist, which are so different from any of the varieties of Old. antiqua, that I 
propose to describe it as specifically distinct, provisionally, as follows:— 


Oldhamia discreta (n. s.). 
Polypidom cauliferous ; stem percurrent, filiform, furnished with densely 
crowded alternate fans of branchlets ; branchlets flexuous, dichotomous, very 
numerous, filiform ; cells biserial, alternate, strongly marked. 
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This form differs from Old. antiqua in its more crowded fans of branchlets, 
which nearly completely conceal the stem, the branchlets are flexuous, but 
at the same time more delicately filiform ; the whole polypidom, in short, more 
delicate. 

The distinctions between the two are similar to, but much more marked 
than, those between well-marked specimens of Sertularia argentea and Sertula- 
ria cupressina. However, in instituting this comparison it should be borne 
in mind that Oldhamia antiqua approaches in appearance Sert. argentea more 
closely than Sert. cupressina, Old. discreta being even finer than Sert. argentea, 
and not resembling Sert. cupressina. 

No forms intermediate between Old. antiqua and Old. discreta have oc- 
curred to me, which confirms the idea of their being distinct. Badly marked 
specimens of Old. discreta cannot without difficulty be distinguished from some 
forms of Old. radiata. The best marked specimens I have seen are those in 
the geological collection already referred to; but I believe I have met the 
species myself at Graystones, in the railway cutting, where the form to which 
I would restrict the name of Old. antiqua also occurs, but rare. 


Oldhamia radiata (Forbes). Figs. 8, 4, 5, 8, 9, 10. 


Polypidom gregarious (?); many branched ; branchlets arising from com- 
mon point ; cells biserial, alter- 
nate, branchlets (a) dichoto- 
mous, arranged in form of a star; 
(8) (Fig. 4) branchlets irregu- 
lar, patent, markedly dichoto- 
mous, thickened at the ends, the 
whole polypidom creeping. 
Oviferous capsules (?) axillary, 
elliptical. Locality: Bray, Gray- 
stones, Co. Wicklow. 

There are many well-marked forms of this, but intermediate forms con- 
nect them with each other. Figs. 3, 5, 8, 10 exhibit the ordinary and most 
typical form. 
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Fig. 8. Oldhamia radiata.— Ordinary form. Bray Head. 
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Sometimes in place of the branchlets proceding from the same point, the 
whole polypidom is lengthened upwards, but without a central axis, resembling 
Sertularia operculata among recent species. When the branchlets are much 
divided, this form might be mistaken for Old. antiqua ; a badly marked specimen 
of it is seen near the letter X on the slab figured as No. 5. 

Sometimes a single branch is elongated, as is seen in Fig. 10; this form 
proves the necessity for uniting the well-marked variety just described, and the 
typical form. In the variety figured at (a) (Fig. 5), the cells are simply 
placed end to end, without any branchlets, and the whole polypidom is long 
and unbranched ; this stem sometimes, as it were, breaks out into branchlets, 
which are then arranged in a stellariform manner. I think it probable that this 
form was creeping. An interesting modification of this is, that in which the 
unbranched axis springs from the centre of one of the ordinary typical speci- 
mens, and then itself bears a star onits summit ; workers among recent species 
are well acquainted with similar, as they are called, proliferous polypidoms, 
especially among the Sertularian Hydrozoa. 

There is yet another remarkable form, indicated as form (8) in the descrip- 
tion of the species, viz., that in which (Fig. 4) the polypidom is procum- 
bent and repent ; the dichotomous branchlets developed numerously along one 
side, but with great irregularity, these branchlets being markedly dichotomous, 
also much thickened at the ends. The intermediate forms forbid this being 
separated from the type except as a variety,—especially as similar differences, 
as before remarked, exist between forms of recent species. 

Distortion, probably arising from cleavage, in this as in other fossils, exerts 
occasionally a remarkable influence over form. One specimen is figured 
(Fig. 9) from a much contorted red schistose bed at Bray. 

In certain specimens, as, for instance, that figured as Fig. 10, in the axils of 
the cells, of which the branchlets are composed, occur certain elliptical bodies, 
best seen in the casts of the fossils ; these I am inclined to believe are oviferous 
capsules ; they are rare, and still more rarely well marked ; probably, when 
attention is called to them, they may be better made out. I have not met them 
as well marked in Oldhamia antiqua, but traces of them occur. 

The remarkable differences in physical characters between the beds in which 
Oldhamia radiata occurs, and those in which alone Oldhamia antiqua is met 
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with, has been already referred to, and point, as there stated, to avery different 
character in the sea bottoms, of which each was an inhabitant. The non-occur- 


\ 
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Fic. 9. Oldhamia antiqua.—The Fic. 10. Oldhamia antiqua.—Two polypidoms overlapping, exhibit- 
elongated form still further drawn out ing central axis, elongated branchlets, and oviferous capsules. Gray- 
by cleavage. From Bray Head. stones. 


rence of the former species at Howth may be thus accounted for. The beds 
there, few in number as they are, in which I succeeded in detecting Oldhamia 
antiqua, are all soft slate, splitting readily into thin laminz, such, in short, as 
would result from a muddy deposit. The rock in which the Carrickmount 
Reilly specimens are embedded is similar in character ; and all the specimens 
thence are either Old. antiqua, or Old. discreta ; if Old. radiata exist there, I 
would not expect it should be got in these beds. This difference in habitat is 
a point which might be worthy of consideration with regard to the division of 
the genus. 

There is a state of Old. radiata which is frequently, in museums, mistaken 
for Old. antiqua, where the stars overlap one another in a sort of alternate man- 
ner; the absence of the median axis and the irregularity of the branchlets 
may distinguish it. 

Some have, on a hasty examination of an imperfect series of specimens, sug- 
gested that probably the two species established by Fores are really but one. 
An examination of the fossils in position in the field will show the absurdity of 
this idea ; the differences between the two becoming more and more evident on 
examination of a lengthened suite of the fossils, as this enables us to define the 

4p 2 


560 Dr. J. R. Krnanan on the Genus Oldhamia. 


limits of each accurately, and to refer to their proper respective types the appa- 
rently intermediate forms, which might otherwise tend to confusion. 

I have entered with some prolixity into many of the points connected with 
these fossils, as, owing to the comparatively limited district in which they are 
found, most paleontologists have had but little opportunity of studying them 
in the field, and hence probably has it arisen that this genus, from its geologic 
position one of the most interesting we possess, has not been long ere this fully 
described, although probably there is no fossil known which is so easily ob- 
tained, occurs in such masses, or tells the history of its mode of life in more 
unmistakable language. Fora similar reason I have figured the species at some 
length, the only species unfigured being that for which I have proposed a new 
name, and of which it is nearly impossible to render the distinctive characters 
jn a woodcut. 

One other conjecture relative to the origin of these fossils should be ad- 
verted to. Some have suggested that they may have been sea plants. This 
opinion is now, I believe, abandoned by every one who has had an opportunity 
of examining the fossils in situ; and furthermore, as has been shown, their ani- 
mal connexion bears the stamp of the judgment of one of the greatest and most 
philosophical naturalists of modern days, EpwarpD Forses. 

I have not adverted to the opinion of Continental writers, as these are ne- 
cessarily most of them taken at second-hand from the description of the Eng- 
lish authorities ; but I may mention that I find from BARRANDE that in Germany 
the possible vegetable nature of the fossil is considered an open question. 
D’Orsieny has declared for its animal nature, and the other opinion probably 
but awaits the general diffusion of typical specimens to entirely vanish. 

The figures of this species hitherto published are most of them either ideal, 
or else copies one of another, and are so scanty in detail that they are with 
one or two exceptions hardly worth notice. Sir Roprerick Murcuison, as 
already stated, gives a characteristic figure of Oldhamia antiqua (“ Siluria,” p. 
180, 8rd ed.) Sir Cuartes Lyett has figured both species (“ Manual of Ele- 
mentary Geology,” 5th ed., p. 453); it has been also figured in some of the 
American books on the subject of geology. 

In describing Oldhamia radiata it will be remarked that no comparison 
has been instituted between it and any living type: in fact, I do not know any 
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which comes as close to this species as Sertularia argentea approximates Oldha- 
mia antiqua, none of the Sertularide growing in that regular stellariform man- 
ner except one or two creeping species; but in that case some traces of the 
body to which the polypidom was attached ought to have been found ; unless, 
indeed, this is a species growing free at the surface of the water, which appears 
a most improbable supposition. There are, I am aware, a few species of creep- 
ing Polyzoa, which have a mode of growth somewhat resembling O. radiata, 
but it appears to me that Old. antigua must have been a Sertularian, and it is, 
therefore, more probable that Oldhamia radiata was so also. 

There remains now but to sum up in brief the points established in the 
review of this genus, which are:— 

In the schist rocks of the Irish Cambrians, beds occur of considerable 
thickness, traceable continuously for many hundreds of yards, which are com- 
posed almost entirely of the polypidoms of an extinct Sertularian which occurs 
in connexion with other extinct aquatic types, such as Annellids, Mollusca (?), 
and Asteroid Polyps (?). 

That these fossils, judging from the almost absolute identity of one of them 
with the polypidom of a living Sertularian type, are more probably the polypi- 
doms of extinct Hydrozoa than ccenecia of Polyzoa. And— 

That judging from their state of preservation, their mode of occurrence in 
enormous masses, and the nature of the rocks in which they occur, they were 
originally the inhabitants of a comparatively still sea, and deposited by a gentle 
current on the shores of a shallow sandy bay. 
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XI.—On the Lower Paleozoie Rocks of the South-East of Ireland, and their 
Associated Igneous Rocks. By J. Bente Jukes, M A., PRS, he. §e., and 
the Rev. Professor Haucuton, M.A., Ff. T.C.D., F. RLS. §¢., Fe. 


Read April 26, 1858. 


IND RODUCLLON: 


THE following Paper is divided into two separate portions: one, Geological; 
and the other, Mineralogical. The first is written by Mr. Jukes, the second 
by Mr. Haucuton, both of whom visited together many of the most important 
localities described. 

Sir Ricuarp Grirritu contributed some of the information and speci- 
mens connected with Arklow and West Aston. The Rev. Professor JELLErr 
generously placed at Mr. Haucuton’s disposal the sum of twenty guineas, by 
means of which the expenses incidental to the chemical analyses of the rocks 
described in the second part of the Paper have been defrayed. The Council 
of the Academy also allowed a sum of £20 for the purpose of illustrating Mr. 
JuKEs’s portion of the Paper. 
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PART T. 


THE GeEoLocicAL RELATIONS oF THE Lower Patmozorc Rocks. 
By J. Beets Junes, M. A., F.R.S., &e. &e. 
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TueE district which we propose to describe consists of the two counties of 
Wicklow and Wexford, with the adjacent parts of the counties of Dublin, Kil- 
dare, Carlow, Kilkenny, and Waterford. It is defined on the land side by an 
irregular line running from Howth Harbour to Ballyvoyle Head near Dungar- 
van, that line forming the boundary between the upper Paleozoic formations 
on the one hand, and the lower Palzozoic rocks on the other. 


J. Srratirrep Rocks or Formations. 


The lower Paleozoic rocks of the south-east of Ireland belong to two geo- 
logical periods—the Cambrian, and the Cambro- (or Lower) Silurian.* 

1. The Cambrian rocks consist of a great series of alternations of sand- 
stones, or gritstones, and slates, having a total thickness of many thousand feet. 


“ We think it advisable to adopt the distinctive term Cambro-Silurian (first suggested by 
Professor Puitiips), in order to show that it is very distinct from the (so-called) Upper Silurian, 
and that they are not mere subdivisions of one formation, like upper and lower Lias, or upper 
and lower Chalk, but as distinct as Carboniferous is from Permian, Oolite from Cretaceous, &e. 
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The colours of these rocks are dull green and dull red, of many various shades, 
sometimes passing into yellow, brown, or purple. 

Great beds of dull yellow or brown quartz rock are locally interstratified 
with them. 

This series contains a peculiar, although a very scanty, assemblage of fossils, 
consisting of some small impressions of radiated Zoophytes, called Oldhamia by 
Professor Epwarp Fores, and some very well-marked holes and impressions, 
left by Annelids of two kinds, one called Histioderma by Dr. Kiyanay, and the 
other Arenicolites by Mr. Satter. 

2. The Cambro- (or lower) Silurian rocks are likewise many thousand 
feet in thickness, consisting principally of an earthy clay slate, of a dark gray, 
blue or black, colour, occasionally becoming green or red, or variegated. 
Thin fine-grained gritstones are often interstratified with these slates, and occa- 
sionally a small assemblage of more thickly bedded grits may be seen, never, 
however, attaining the dimensions of those which are frequent in the Cambrian 
rocks. No beds of quartz rock are to be found interstratified with the Cambro- 
Silurian series, but large masses of contemporaneous trap (chiefly felstone) ac- 
companied by beds of trappean ash, are to be seen in it, associated with other 
igneous rocks of an intrusive character. 

Speaking generally, the Cambro-Silurian rocks of the south-east of Ireland 
contain but few fossils, but in particular localities fossils occur rather abundantly: 
those localities always being in situations which show them to belong to the 
central or upper parts of the series rather than to the lower. 

The species of fossils found are such as prove the fossiliferous beds to be 
of the same age as those of the Bala and Caradoc series of North Wales, the 
paleontological evidence being thus in precise agreement with that to be de- 
rived from lithological structure. 

The following lists of fossils will demonstrate this:— 


1. From Slieveroe, near Rathdrum, county of Wicklow. 


Stenopora fibrosa. Tentaculites annulatus. 
Cheetetes petropolitanus. Calymene Blumenbachii. 
Orthis testudinaria, O. Actoniz. Homalonotus bisulcatus. 
Leptzena sericea. Beyrichia complanata. 
Euomphalus perturbatus. Trinucleus concentricus. 
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2. Carrickadaggan, county of Wexford. 


Orthis Actoniz, O. elegantula. Trinucleus seticornis, T. concentricus. 
Echinospherites aurantium. Lichas Hibernicus. 
Cybele arenosa, C. verrucosa. 


3. Newtown, county of Waterford. 


Orthis simplex, O. subrotundus, O. ele- Tleenus Bowmanni. 
gantula. Ampyx mammillatus. 


Ogygia Portlockii. 


4, Tramore, county of Waterford. 


Orthis parva. Cybele verrucosa. 

Strophomena grandis. Phacops Brongniarti. 

Calymene Blumenbachii? (? duplica- Encrinurus intermedius. 
tus). Remopleurides dorsospinifer. 


Acidaspis Jamesii (or bispinosus). 


Beneath the beds which contain those fossils is a great thickness of other 
similar beds devoid of fossils. It is possible, perhaps probable, that these lower 
beds are of the age of the Llandeilo flags of Wales. 

Whether there be any part of the series corresponding in age to the still 
lower group of the Lingula flags is yet more doubtful. 

If the Lingula flags be altogether absent from their proper place between 
the Cambrian formation and the Bala part of the Cambro-Silurian series, their 
absence may be accounted for in the following manner:— 

In North Wales, where the Lingula flags are present, there is apparently 
a perfect conformability from the Cambrian rocks up to the Bala beds: in 
Wicklow, on the other hand, there is a complete unconformability between 
the Cambrian formation and the black slates of the Cambro-Silurian series. 
In the hills a little west of Ashford, the dark gray or black slates of the 
Cambro-Silurian series may be seen stretching across the upturned and de- 
nuded edges of a series of purple slates belonging to the Cambrian, and probably 
to the lower part of the Cambrian series. 

The interval thus proved to have been occupied by a destructive action 
over the area which is now part of the county of Wicklow may have coincided, 
in whole or in part, with the interval occupied by forces of production in the 
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deposition of the Lingula beds over the area which is now contained in the 
counties of Carnarvon and Merioneth.* 


II. Icnrous Rocks ASSOCIATED WITH THE TWO FORMATIONS MENTIONED ABOVE. 


Although the Cambrian formation of our district contains large exhibitions of 
quartz rocks, which are believed to be sandstones altered by heat (whether dry 
or accompanied by water or steam), it is remarkable that it hardly ever has any 
true igneous rock associated with it. 

A boss of epidotic greenstone a little south of Roundwood; a small vein of 
highly crystalline hornblendic greenstone at Graystones, county of Wicklow; a 
similar one at Cahore Point, county of Wexford; anda few small veins or dykes 
of greenstone about Howth Hill, are the only igneous rocks that have been ob- 
served in the Cambrian areas of our district. 

No locality, either, is known in our district where Cambrian rocks can be 
seen in immediate contact with granite, nor even in very close proximity to it. 

The case is very different with regard to the Cambro-Silurian formation. 
It has been already said that this contains a large assemblage of contempora- 
neous traps. These are principally felstones; they are known to be contempo- 
raneous partly by their bedded character and their analogy with contempora- 
neous traps elsewhere, partly by their being always associated with large masses 
of “ash,” which oceasionally become brecciated or conglomeritic, containing 
small and large, angular and rounded, fragments of trap and of slate, embedded 
in a fine, sometimes pulverulent, felspathic base. 

There is, indeed, almost every gradation to be found, from a black slate into 
a gray, from that into a pale gray or green slightly felspathic slate, with a soapy 
feel; from that into a fissile “ash” or slate composed entirely of felspathic ma- 
terials (with or without fragments of other rocks), and from that into a hard 
compact felstone, with shining facets of felspar crystals ; and thence into a crys- 
talline felstone, in which crystals of both felspar and quartz make up the mass 
of the rock. 

This latter highly crystalline felstone may often be intrusive, or partly intru- 
sive and partly contemporaneous, and there are somewhat similar rocks which 


* See Paper in vol. vi. of “‘ Journal of Geological Society of Dublin,” by Messrs. JuxEs and 
Wrtey, “ On Structure of North-Eastern Part of the County of Wicklow.” 
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occur always as intrusive veins or dykes, forming the “elvan” dykes, which 
pass directly into a variety of granite. 

Associated with the contemporaneous felstones and ashes are large masses 
of greenstone of several kinds, which appear from their irregularity of outline 
to be of more exclusively intrusive character than the felstones. Some of the 
associated “ ashes,” however, resemble those of greenstone rather than of felstone, 
rendering it probable that some at least of the greenstones are likewise of con- 
temporaneous formation. Other masses and veins of greenstone also occur, at 
a distance from any other igneous rocks, and clearly of subsequent and intru- 
sive origin. 

Besides these, which we may call, for distinction’s sake, trap rocks, granite 
also occurs largely in our district :— 

1. Asa large connected mass, exhibiting a great continuous surface, and 
completely independent of any other igneous rock : 

2. As a number of small detached masses appearing here and there at the 
surface, in more or less connexion with, or at least in near proximity to, the 
trap rocks : 

3. At the south-eastern extremity of our district, forming apparently part 
of another considerable independent mass, a great portion of which, however, is 
covered by the sea. 

All the granite now to be seen at the surface is of intrusive character and 
of later date than the lower Paleozoic beds with which it comes in contact, 
as is proved by its sending veins into them, and by its having converted them 
into metamorphic schists. 

We may, however, perhaps, be allowed to speculate on the probability of 
molten granite having existed at no inaccessible distance beneath the surface, 
during the deposition of the Cambro-Silurian rocks, and look upon the contem- 
poraneous felstones as being the superficial products of this molten granite, 
ejected either into the air, or into the seas, of those days. 

If it could be shown that the beds penetrated by the small detached masses 
of granite mentioned above are considerably lower than the beds in which 
the contemporaneous felstones lie, we might, perhaps, be pardoned for suspecting 
that these detached bosses of granite formed part of the original molten mass 
from which the flows of felstone proceeded. In this case we might look upon 
the elvans, perhaps, as the pipes or feeders along which the molten matter tra- 
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velled from the more deeply seated portions towards the surface. This view, 
however, is opposed by the fact that in no case can any direct connexion be 
now traced between the granitic masses and the felstones, and that, although 
the elvans are certainly most numerous in what we believe to be the lower beds, 
yet they never traverse those beds directly across for any great distance, but 
always run in lines parallel to the main strike of the rocks. They would seem, 
therefore, either to have been injected as horizontal sheets in among the beds 
before they were disturbed, or else as vertical or highly inclined dykes during 
or after the action of those forces which tilted the beds into their present highly 
inclined positions. 

With regard to the main mass of granite, it would appear that subsequently 
to the deposition of the whole of the Cambro-Silurian rocks, some force acting 
from below caused this to swell upwards and intrude to some extent into the 
body of the rocks above. This upward intrusion of the granite would doubt- 
less be accompanied by an elevation and an arching of the rocks above it, and 
indications are not wanting to make it probable that there was a simultaneous 
depression and sinking in of the rocks on each side of the elevated district. 

It appears also probable that the surface of contact of the granite and the 
rocks over it was a very uneven and irregular one ; that not merely were there 
dykes and veins of molten granite injected into the adjacent rocks, but that its 
general outline was very irregular, large ridges, domes or mounds of granite, 
protruding upwards into the rocks above, with corresponding hollows, furrows, 
or basins, into which portions of the superincumbent rocks would necessarily 
settle down. Hence arise the present rather irregular outlines of the surface 
boundary of the granite and altered slate, and the detached patches of mica slate 
to be seen in the granite, and, as it were, dipping down into it. Sometimes this 
relation of position is carried so far as to produce the appearance of interstra- 
tified beds of granite and mica schist, alternating with each other, as described 
by Mr. WEAvER.* 

Metamorphic Action of the Granite.—One result of this intrusion of the gra- 
nite has been already alluded to, namely, the metamorphism produced on the 
rocks in the immediate neighbourhood of the granite. Our district affords ad- 
mirable opportunities of studying this action to any one who has time to examine 
some large portion of it closely. Micaceous schists are always found in contact 


* “ Transactions of the Geological Society,” vol. v., first series. 
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with the granite, sometimes, though rarely, passing into gneiss ; and often full 
of crystals of schorl, andalusite, and other minerals. As we recede from the 
granite, this crystalline character of the schist disappears, and finally fades away 
into that of the ordinary dull argillaceous slate of the rest of the country. The 
change from crystalline schist into clay slate is sometimes spread over the space 
of one or two miles ; sometimes takes place within one or two hundred yards. 
The altered character is always more extensive on the §. E. margin of the 
main mass of the granite than on the N, W. side, owing probably to the more 
rapid descent of the granite on the latter than on the former, since it often ap- 
pears to undulate for some distance towards the S. E. at no great depth beneath 
the surface of the ground. The alteration along the edges of the smaller 
bosses of granite extends for a much less distance than that near the main mass 
—the extent to which metamorphism has reached always bearing a direct and 
obvious relation to the mass of the granite which has produced it. 


III. Pertop or THe Action oF DisTURBING AND DenupinG Forces. 


During the time when this intrusive and metamorphic action of the granite 
was going on, the rocks were, doubtless, being affected by some of those forces 
of dislocation and disturbance, which then or afterwards tilted them into their 
present highly inclined positions, and communicated to them their present strike. 
It would be difficult, perhaps impossible, to determine whether the cooling and 
consolidation of the granite took place early in this period of disturbance, or 
was deferred till towards its close ; and equally difficult to determine, perhaps, 
what share the expansion from the heat of the granite alone, or the contraction 
consequent on its cooling, had in causing these disturbances. 

We may, however, feel pretty certain that this cooling and consolidation were 
complete before the action of those denuding agencies had proceeded to any 
great length, which afterwards caused the granite to appear at the surface 
Everything we know or believe of the formation of granite compels us to sup- 
pose that at the period of its consolidation from a mass of molten matter intoa 
crystalline rock it was still covered by at least some thousands of feet of other 
matter. The great covering of Cambro-Silurian rock, which still reposed upon 
the granite of the Dublin and Wicklow mountains after that granite was con- 
solidated, must, of course, have been removed by an action of denudation of the 
same kind as that which has exposed at the surface of the earth the once deeply 
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seated rocks of all other localities. It is, however, remarkable that in our dis- 
trict this amount of denudation had not only been begun, but almost completed, 
at avery early geological period, namely, before the commencement of the Car- 
boniferous period. 

The bare granite formed the floor of the sea in which the beds of Old Red 
Sandstone and Carboniferous Limestone were deposited, and the surface of the 
ground of the islands which rose from that sea ; just as bare granite would now 
form the bottom of the sea and the surface of the islands, if the Carboniferous 
rocks were stripped off, and the country depressed again a few hundred feet 
beneath its present level. 

The present surface of the ground in our district is in many parts a very old 
surface; it existed very nearly in its present form before the deposition of the 
Old Red Sandstone. It was, however, once much more covered by an extension 
of the beds of the Old Red Sandstone and Carboniferous Limestone than at 
present ; as is proved by the existence of some outliers of those rocks beyond 
their general boundary. The most remarkable of these outliers is a patch of 
Carboniferous Limestone resting on Cambrian rock, at Taghmon, in the county 
of Wexford, six or seven miles from the nearest boundary of that formation.* 

It is indeed probable that the present outline and contour of the ground of 
the whole of our district was very nearly what it is now, before the period of the 
Old Red Sandstone, any subsequent erosion and denudation having been very 
slight compared with that which had taken place previously to that period. 

It follows from this, that, however intrusive some of the igneous rocks of the 
Lower Palzozoic district may be, and however much younger than the aqueous 
rocks with which they are in contact, yet, as there is nothing to warrant us in 
supposing them to have had an origin subsequent to the process of denudation, 
the whole of them are older than the Old Red Sandstone. 

The Lower Palzozoic district must doubtless have partaken to some extent 
of the subsequent movements of disturbance which have affected the upper Pa- 
leozoic rocks of the immediate vicinity, and may have been more or less shaken 
and dislocated by all the disturbing influences that have vibrated through this 
portion of the globe since the Cambro-Silurian period. It must also have suf- 
fered to some extent by the denuding action which has swept away so large a 
portion of the Upper Paleozoic rocks from the immediate neighbourhood. One 


* See “ Journal of the Geological Society of Dublin,” vol. vi. p. 178. 
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or two coats of greater or less thickness may have been removed from the 
hills; the present valleys may have been excavated from between those hills; the 
ravines and water-courses that traverse their sides may have been graven on 
them ; the present plains may have had their surfaces ground down to a little 
greater depth—in fact, askin of a few scores, or in some places a few hundreds, 
of feet in thickness, may have been subsequently removed from the country. 
Nevertheless, the main fact remains, that the principal part both of the denuda- 
tion and of the elevation and inclined position of the rocks of our district, had 
been produced previously to the deposition of the Carboniferous rocks, inas- 
much as the latter repose at low angles, and in comparatively undisturbed posi- 
tions, on the uplifted and eroded edges of the former. 

It would seem probable also, from the absence of all formations of an age 
intermediate between the Carboniferous and the Pleistocene, that our district 
remained tranquilly above water during all the secondary and early tertiary pe- 
riods, and was only once more bodily depressed below the sea at some late ter- 
tiary period. 


IV. Position AnD Lik oF THE Rocks. 


Although the denudation of the country had been nearly or entirely com- 
pleted at so early a date, nothing is more remarkable in our district than the 
extent to which it has proceeded. Notwithstanding the very highly inclined 
position of the beds, and their numerous and large flexures and contortions, 
and notwithstanding the hardness and toughness of the materials of which they 
are chiefly composed, so greatly have they been denuded and worn down in 
order to produce the present surface of the ground, that they rarely form any 
continuous ranges of hills, or any other prominent external features, which 
assist us in drawing conclusions as to the position of the beds below the sur- 
face. Almost the whole of the county of Wexford is low, gently undulating 
ground, thickly and widely overspread with “ drift;” and although Wicklow is 
more hilly, yet the hills composed of stratified rock are generally rounded and 
isolated mounds, separated by wide valleys, and low grounds, in which “ drift” 
and superficial matters are largely accumulated. Good continuous sections, 
therefore, across the strike of the beds, or continuous exposures of rock ranging 
along the strike, are almost entirely wanting, and we have chiefly to trust to the 
collocation of many single detached observations for arriving at any knowledge as 
to the thickness of the formations, or the composition of their several portions. 
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The granite hills, indeed, seem at first view to be an exception to the above 
statement, since they form a continuous range of lofty land over a part at least 
of the district; but even this rock has been so largely denuded as to form a wide- 
spread expanse of low ground in the county of Carlow; and the broad valley 
of the Slaney cuts right across it, separating the granite hills of the Dublin and 
Wicklow Mountains from those of Mounts Leinster and Blackstairs on the bor- 
ders of Wexford and Carlow. 

In examining the position and lie of the rocks, therefore, our conclusions 
will principally be drawn from observing the boundaries of the several forma- 
tions, and the directions of their subordinate groups of rock, as laid down on the 
maps, or from the collection and comparison of separate data, rather than from 
direct observations in the field. 

The district divides itself naturally into seven areas that admit of separate 
description: three composed of Cambrian rocks; two of Cambro-Silurian; one 
of Granite ; and one partly of Granite, and partly of Cambro-Silurian 
rocks. 

The Cambrian areas are:—A, that of Wexford; B, that of N. Wicklow; 
and C, that of Howth. 

The Cambro-Silurian areas are:—D, that of Wicklow, Wexford, and Water- 
ford; E, that of Kildare, Wicklow, and Dublin. 

The Granitearea isF, that which stretches from Dublin Bay to near New Ross. 

The remaining area, G, is that south of Wexford Harbour, which we may 
call the Carnsore area. 

A.—The Weaford Cambrian district stretches from the east point of Bannow 
Bay to Roney Point, three miles south of Courtown Harbour, its total length 
being thirty-six miles. It forms the Forth Mountain district near the town of 
Wexford, where it has a surface width of about seven miles, and attains, as its 
highest elevation, an altitude of about 700 (697) feet above the sea. Except 
on the Forth Mountain tract, it forms generally a low, gently undulating country, 
entirely covered by thick masses of sand, gravel, and marl, the Cambrian beds 
being only seen in detached quarries, or in low cliffs on the sea-shore, or on the 
banks of the Slaney for a few miles above Wexford. 

Where seen, these beds are always found to be greatly contorted; the most 
frequent strike, however, being nearly N. E. and §.W. The north-western 
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boundary of the area, as drawn on the map, has an average direction of N. 42° E., 
which may be considered as N, E. and 8. W. 

B.—The Cambrian district of North Wicklow commences about four miles 
north of Rathdrum, and extends to the valley of the Dargle at least, having a 
length of seventeen miles, and a width of seven oreight. Its western boundary, 
although rather irregular, has a strike of about N. 27° E. (nearly N.N.E. ), whilst 
its south-eastern boundary, which is, however, believed to be a fault, runs 
N. 53° E., or N. E. 3 E. 

This district forms a much greater extent of lofty ground than that of Wex- 
ford, having several hills of more than 1000, and one, namely the Great Sugar 
Loaf, of 1660 feet in height. 

Its beds, accordingly, are often well seen, and several good sections, such as 
that of Bray Head, that of the Rocky Glen near Kilmacanoge, and those of Glen- 
ran, the Devil’s Glen, and other places near Ashford, are to be seen in it. 

Tn these and other sections continuous series of beds, several thousand feet 
in thickness, are shown, and the more conspicuous members of them may some- 
times be traced across the country, continuously along the strike, for two or 
three miles, preserving the same dip and strike for that distance pretty steadily. 

In every case, however, it has been found impossible to follow them out for 
a greater distance ; sudden and entire changes in the beds occurring, probably 
in consequence of great faults; or else an utter change in the direction both of 
dip and strike, and a confusion in the position of the rocks, arising apparently 

rom numerous and complicated folds and contortions, combined with disloca- 
tions, so that, even if all the rocks were bared for an inspection, it would appa- 
rently be quite impossible to disentangle the confusion. 

The most probable conclusions at which we can arrive from the study of 
these two Cambrian districts is, that in each case the lower beds are on the south 
and east, and the upper ones on the north and west, but even this vague con- 
clusion is a very uncertain one. (See Sections 1 and 2.) 

Two small slightly detached districts of Cambrian rock are to be mentioned 
in North Wicklow, the one forming Carrick Mountain, on the south-east of the 
area 6, and the other making Carrickgolligan on the north-west of it. 

The south-easterly one commences a little south of Ashford, and is six miles 
long, and not quite a mile in its greatest breadth. Carrick Mountain, 1260 feet 
in height, is its loftiest point. Both its beds and boundaries strike N. 53° E. 
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parallel to the south-eastern boundary of the adjacent main district. The beds, 
which consist of quartz rock interstratified with brown and purple slates, are 
apparently vertical, or nearly so. 

The north-westerly outlier is much smaller, being not more than a mile and 
a half long, by a third of a mile in width. It is called Carrickgolligan on the 
Ordnance map, but is also known as Shankill. It rises to a height of 912 feet, 
both beds and boundaries striking N. 42° E., or N. E. and S. W. 

C.—The Howth Cambrian district is nearly circular, and from two to three 
miles in diameter. It consists of great beds of quartz rock interstratified with 
green grits and green and purple slates. The beds are always highly inclined, 
but strike in such various directions with so much contortion and confusion as 
to render any further general statement as to their position impossible. They 
may be seen crumpled in a most remarkable way on the little island of Ireland’s 
Eye, with the black slates of the Cambro-Silurian series obviously unconform- 
able to them. 

The irregularity and confusion to be observed in these Cambrian areas, and 
the impossibility of reducing them to order, and determining the original posi- 
tion and total thickness of the beds, arises, doubtless, from the number and mag- 
nitude of the disturbances by which they have been affected. When we recol- 
lect that they were already highly inclined, and greatly denuded and disturbed, 
before the deposition of the Cambro-Silurian rocks, having perhaps a general 
strike quite different from that subsequently impressed upon the district; and 
that, after the Cambro-Silurian beds were deposited horizontally across the 
edges of these highly inclined Cambrian rocks, both were affected by disturbing 
forces which have set the Cambro-Silurian rocks themselves into highly inclined, 
often into vertical, positions, and affected them with great dislocations, and 
probably with many complicated flexures,—we shall be at no loss to understand 
the difficulty of the attempt to unravel the confusion thus produced in the 
older of the two formations. 

D.—The Cambro-Silurian area of Wicklow, Weaford, and Waterford, is the 
largest and most interesting of the seven into which our district is divided ; 
and might be said to include areas A and B. It is more than 100 miles in 
length from Killiney to Ballyvoyle Head, with an average width of fifteen or 
twenty miles. 
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If we examine the map, and observe the nearly straight north-west boundary 
of the Wexford Cambrian district, A, which, as before said, runs nearly true 
N.E. and S. W., we should see, at a distance of five or six miles from this boun. 
dary, and almost exactly parallel to it, a band of trappean rocks. These are the 
contemporaneous felstones mentioned before, together with a number of intru- 
sive greenstones and other trap rocks. 

In the intermediate band of country between the Cambrian boundary and 
these bedded trap rocks, we should find slates dipping in various directions, but 
generally either N. W. or 8. E., and always at angles of 70° or 80°, if not at 90°, 
or vertical. 

The only nearly continuous section is to be seen along the shore of Wexford, 
N. and S. of Courtown Harbour; and, judging from that and from other evidence 
elsewhere, we should say that the greatly contorted and minutely folded and 
crumpled Cambrian rocks are succeeded on the N. W. by thicker masses of Cam- 
bro-Silurian black slate, lying in very highly inclined and often vertical positions, 
and thrown apparently into bolder and larger, though equally abrupt, undulations. 

If we take the average width of the band thus occupied by the lower beds 
of the Cambro-Silurian series as five miles, and suppose the total effect of these 
undulations to be equal to a double anticlinal folding of their whole mass, we 
should have one-fifth of the possible thickness as a measure of the actual thick- 
ness of these beds. This would give about 5000 feet as the probable thickness 
of the lower part of the Cambro-Silurian beds, those lying between their Cam- 
brian base and the bedded traps. (See Section, No. 2.) 

The bedded traps occur in two or three or sometimes more lines, very close 
together, the result either of as many distinct depositions, or of the reappear- 
ance of one or more bands at the surface consequent on the flexures of the rocks. 
If we assume one anticlinal fold here, it will give us obviously three lines of out- 
crop of the same beds, but we shall still be obliged to add two or three thou- 
sand feet to the 5000 already mentioned for this series of beds; and all the 
evidence goes to show that they dip as a whole towards the north-west under 
yet higher beds. Examining the country immediately to the north-west of this 
band of bedded traps and their interstratified slates, from the River Barrow be- 
low New Ross, right through the heart of Wexford to the neighbourhood of 
Gorey, a high north-westerly dip seems everywhere to prevail over a width of 
three or four miles, so that we are compelled to conclude that the bedded traps 
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are themselves covered by a thickness of yet another three or four thousand 
feet, at least, of these higher rocks. This would give a total thickness of ten or 
twelve thousand feet for the Cambro-Silurian rocks. Farther to the north- 
west, the beds appear to be inclined pretty equally in both directions, and then, 
as we approach closely on the granite of Mount Leinster and Mount Blackstairs 
and the neighbourhood, the beds appear to be rising to the N. W., with a pre- 
vailing dip to the §.E. This south-easterly inclination on the flanks of the 
granite, however, has rarely so high an angle as is found to prevail at a distance 
fromit. One circumstance is very remarkable,—that after the bedded traps have 
taken their final plunge to the north-west, they never reappear at the surface 
in that direction over the whole of the county of Wexford, and the adjacent parts 
of Carlow and Wicklow. We must therefore suppose that the beds in con- 
tact with the granite over all that portion of the area belong to the uppermost 
part of the Cambro-Silurian series of our district, that which lies above the traps. 

The line of bedded traps before spoken of terminates on the coast at Tara 
Hill, about four miles north of Courtown. About four miles north of that again 
is Arklow Head, where there is to be seen a very interesting mass of bedded 
felstone ash, and ashy porphyry containing rounded pebbles, together with beds 
of trappean conglomerate, interstratified with slate rocks and associated with 
intrusive greenstones and elvan dykes.* 

The general dip here is to the south-east ; and from Arklow, all up the val- 
ley of Ovoca, and over all the country between it and the town of Wicklow, 
south-easterly dips, at a very high angle, are much more numerous than north- 
westerly ones. In this district, accordingly, we find the bedded traps rea ppear- 
ing at the surface in great force, as the beds rise towards the N. W., forming 
several lofty hills, and associated, as in Wexford, with intrusive greenstones 
and other igneous rocks. 

From under this trappean series there rise, still farther to the north-west, 
the lower part of the Cambro-Silurian beds, like that between the traps and 
the Cambrian base in Wexford, and, as we should expect, we shortly find this 
Cambrian base itself appearing at the surface from underneath the Cambro-Silu- ' 
rian rocks, and forming the areas already described under the head B. 

So far, then, the position and lie of the rocks in Wicklow and Wexford 
lead to harmonious results; they each point to the beds lying between Arklow 


* See Paper on Arklow Head by Mr. Juxes, Journal of the Geological Society of Dublin, vol. vii. 
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Head and Tara Hill, as the highest beds of the district; and we should conclude 
that these highest beds were those (so remarkably free from igneous rocks of 
all kinds) which strike N. E. and 8. W. from near Arklow Head to near New 
Ross. 

The results agree, too, in placing the contemporaneous traps, as a mass, in an 
intermediate position between these upper beds, and a lower set, the base of 
which reposes, whether unconformably or in apparent or real conformity, on 
the Cambrian rocks. 

Another point in which they agree, also, is the number of small elvan dykes, 
which, both in Wicklow and Wexford, are found ‘in these lower beds, intru- 
sive into, altering, and slightly cutting across them, although always agreeing 
very nearly with them in general strike. 

There is, however, now one curious discrepancy to be alluded to. If we 
suppose that the black slates of the Cambro-Silurian series, which rest directly 
on the Cambrian rocks, are always the lower part of that series (and we have 
no reason to make any other supposition), it then follows that the slates which 
lie between Rathdrum and Wicklow on the one hand, and Rathdrum, Glen- 
dalough, Roundwood, and Powerscourt, on the other, are the lower part of the 
Cambro-Silurian series, the part below the trap beds. These are the beds 
which in North Wicklow, from Glendalough to Killiney, are penetrated by the 
granite. We saw reason, however, just now, for supposing that the beds 
penetrated by the granite in Wexford were the beds above the traps. We 
ought, therefore, in walking along the margin of the granite from the one 
part of this district to the other, to come to some locality where the bedded 
traps themselves range up to the granite, and are equally cut through by it. 
The felstones of the neighbourhood of Rathdrum and Ovoca, striking from 
the N. E. to the S. W., ought, if they are continued, to range up to the granite 
somewhere about Tinahely. No such trappean group, however, is anywhere 
met with on the flanks of the main granite area F. 

Looking at the persistency of the trappean group through Waterford and 
Wexford, everywhere dipping on the whole to the north-west, and at the reap- 
pearance of this group in part of Wicklow as the beds rise again in that direc- 
tion and dip to the south-east, we can hardly avoid coming to the conclusion 
that before the rocks were disturbed, and while they remained horizontal, there 
was a continuous trappean group, with a thickness of two or three thousand feet, 
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over the whole of the area D, and over at least the southern part of the area F, 
where the granite is now at the surface. On the supposition that the southern 
part of the granite has burst through this trappean group, leaving it still deep 
beneath the surface, we ought certainly, as we travel to the north and approach 
the part of the district where the lower beds gradually rise to the surface, to 
find this middle or trappean group cut across by the granite. 

It is true that, trappean rocks being irregular and uncertain in their occur- 
rence, they may not have been deposited or formed among the aqueous rocks 
which are penetrated by the granite about Tinahely, or in that part of the dis- 
trict, wherever it may be, where the beds with which the traps are contempora- 
neous are so penetrated. 

This is one explanation of the difficulty, though not a very satisfactory one, 
and it is not rendered more satisfactory when we come to examine alittle more 
in detail the contemporaneous traps of South Wicklow, and their associated 
beds, and the facts connected with their abrupt termination towards the south- 
west, or in the direction of the granite area. 

In the country on the east and south-east of Rathdrum a great number of 
bedded traps and trappean ashes are to be seen interstratified with the slates, 
all dipping steadily at a high angle to the south-east, and striking to the south- 
west. Large, irregular, intrusive masses of greenstone also occur, but even these 
have their greatest linear extension parallel to the strike of the beds. These 
beds are three miles wide, measured across the strike, and whatever allowance 
we may make for reduplication of the beds by concealed folds or repeated dis- 
locations, there must be a thickness of at least several thousand feet, almost one 
half of which apparently consist of the traps. But if we follow these beds 
along the strike to the south-west, the traps all suddenly disappear as soon as 
we come to a line running nearly N. and S. through Rathdrum, while in the 
country to the west and south-west of that line nothing but granite and elvan 
is to be found. 

The largest mass of felstone on the north-east strikes directly at the granite 
of Ballinacarrig and Ballynaclash on the south-west, there being an interval of 
scarcely half a mile between the two rocks, and both form comparatively narrow 
bands running along the same line from N. E. to S. W. Farther to the south- 
west several other detached granitic masses make their appearance, that of Cush- 
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bawn and others near Aughrim all forming narrow bands at the surface, and 
all running from N. E. to 8. W. 

If again we look at the felstones of Ovoca, we should see great masses of trap 
interstratified with the slate continued for some distance to the N. E. by means 
of beds of felstone and beds of ash, but terminating quite abruptly on the S. W. 
at the very same meridian line mentioned before. Following on the strike 
to the south-west, no other igneous rocks are to be seen, but elvan dykes leading 
up to the large granitic mass of Croghan Kinshela. 

In short, while the whole of this part of the country from Wicklow Head 
to Tinahely and Shillelagh has a persistent strike from N. E. to S. W., and a 
nearly persistent dip at a high angle to the 8. E.; and while it is all equally full 
of various igneous rocks, running for the most part in narrow bands parallel to 
the strike of the beds, still, if we draw a N. and S. line through the town of 
Rathdrum, or very slightly to the west of it, all the igneous rocks to the east of 
that line are traps (felstone or greenstone), with many beds of trappean ash, and 
scarcely even a single elvan dyke, while all those to the west of that line are 
granites and elvans, without a single bed of compact felstone, or of trappean 
ash of any description, and with no other trap rock than some very highly crys- 
talline greenstones on the south of Croghan Kinshela. 

Two explanations might be offered of these facts: — 

First, we may suppose the beds of aqueous rock to be the same through- 
out, and that the flows of molten trap and deposition of trappean ashes and 
debris were confined to the eastern side of the meridian line mentioned above, 
while the intrusion of igneous rocks at a subsequent period was confined to 
the west of that line. 

Or we may suppose that the contemporaneous traps being confined as above, 
the subsequent intrusions of igneous rock only formed granitic masses in the 
one case where those traps were absent ; while in the other, where they pene- 
trated into the trappean group, they produced the greenstones of West Aston 
and other places. The difference of the two kinds of igneous rocks would in 
this case result from the difference of the materials with which they came in 
contact, the molten mass absorbing some additional bases in the eastern part 
of the district, so that the mass which elsewhere cooled into granite here be- 
came converted into greenstone. 
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It may however, be objected to this view, that while the granites of the west- 
ern side are surrounded by a belt of slate metamorphosed into mica schist, the 
greenstones of the eastern are not so surrounded, and seem to have produced 
little or no alteration on the beds adjacent to them. 

Secondly, we may suppose that the beds of the two parts of the district 
are not the same, but that the north and south line mentioned before as 
running through Rathdrum is a great line of dislocation, separating the one 
set from the other. In support of this view it might be mentioned, that if 
this line be continued to the north, it cuts the very abrupt 8. W. termination 
of the Cambrian rocks of Carrick Mountain, and meets the great fault which 
is believed to run along the §. E. boundary of the Cambrian area B, that 
of North Wicklow. If continued still further north, moreover, it would 
appear to coincide for several miles N. and §. of Roundwood, with the boun- 
dary line between the Cambrian and Cambro-Silurian rocks, which might also 
be a fault. 

Still, even this hypothesis does not relieve us from the difficulty, since, if 
this N. and §. line were merely a dislocation, we should expect to find the 
bedded traps somewhere on the western side of it, striking to the 8. W. up to the 
granite; whereas, we not only do not find them in the band of country where 
we should expect them, but we do not find them at all either to the north or 
to the south of that band. We should still be left without any trappean set 
of beds anywhere on the margin of the main granite area, to mark the sepa- 
ration between the upper Cambro-Silurian beds in the centre of Wexford, and 
those which we must believe to be the lowest part of the Cambro-Silurian 
series, which rests on the Cambrian rocks on one hand, and the granite on the 
other, in the country running by Roundwood and Douce Mountain, from the 
Seven Churches up to Killiney. 

We must, for the present at all events, be content to leave this puzzle, with 
others, still unsolved, and perhaps, from deficiency of data, for ever insoluble. 

There is yet a part of this area, of which we must say a few words. 

The band of bedded traps that stretch through Wexford into Waterford, 
receive in the latter county large accessions to their mass, and spread over a 
much greater width than they have in Wexford. So far as can be determined 
by the few scattered observations that can be made on their position, the whole 
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formation still retains its former strike, and still dips from 8. E. to N. W., and 
the traps plunge to the N. W. under a band of slates, in which few or no 
igneous rocks are to be seen. 

It remains doubtful, however, whether the greater surface expansion of the 
traps in Waterford be due to a really greater thickness of these rocks, or to 
undulations and contortions in the rocks, or to repetition by means of faults. 
Perhaps all these influences may be combined to produce the effect. 

E.— The Cambro- Silurian area of Kildare and Wicklow is separated from 
the preceding area D by the granite of the main area F. It occupies a space 
of about twenty-five miles in length, by seven or eight in width. The mean 
direction of its two longest boundaries is about N. 20° E. or N.N. E.; that of the 
two shorter nearly E. and W. It is remarkable that each pair of boundaries 
is parallel, although in both cases one boundary is the margin of the uprising 
and intruding granite, and the other that of the overlying unconformable Car- 
boniferous Limestone. 

The strike of the beds in this area is also parallel to that of its longest boun- 
daries, or, almost without exception, N. N. E. and §.S.W. The dip of the beds 
on the immediate margin of the granite is W.N. W. at comparatively low an- 
gles, but over all the rest of the area the angle of inclination is very high, rarely 
less than 60°, and oftener 70° or 80°. It is very remarkable that although the 
flexures are apparently bold and numerous, the general tendency of the whole 
mass seems to be to dip towards the granite, the higher beds coming in in the 
direction of the granite, and the lower ones appearing to crop out on the north- 
westerly margin of the area. 

The rocks, indeed, which strike from Kilcullen to Ballitore have, in their 
sreen and purple hues and gritty beds, no slight resemblance to some of the 
Cambrian rocks of areas A and B. 

Numerous beds of trappean ash, generally resembling a greenstone ash, and 
often mingled with much sandy debris, are interstratified with the slates through 
the centre of the area, and towards the margin of the granite. Few masses 
of actual trap, however, occur till we reach the north-eastern limits of the area 
in the neighbourhood of Ballynascorney Gap, where large masses of coarse 
porphyry, containing dull green crystals of felspar, in a blue compact base, 
make their appearance. These seem to be clearly intrusive, and to produce 
some considerable amount of alteration on the adjacent slates. 
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F.—The Main Granite Area.—This is the largest exhibition of granite at 
the surface in the British islands, forming a continuous mass of seventy miles 
in length, with an average width of eight or ten miles, and a maximum in one 
part of eighteen. 

Its eastern boundary is, with the exception of a few indentations caused 
by overlying slates extending into the granite area, very straight, running as 
nearly as possible N. N. E. 

The western boundary of its northern half, though rather more irregular, is 
on the whole parallel to this, but about the centre of the area, or a little north of 
it, the boundary, in consequence of the deeper denudation of the granite, turns 
boldly to the west for seven miles. South of this deflection, which marks the 
entrance of the valley of the Slaney into the granite region, its western boun- 
dary is formed by the overlying Carboniferous rocks of Carlow and Kilkenny, 
resting upon it unaltered and undisturbed. This boundary is also very straight, 
running N. 14° E. and §. 14° W. for about eighteen miles, when the Cambro- 
Silurian slates again make their appearance, and wrap round the southern ter- 
mination of the granite. This southern termination is by no means an abrupt 
one, and that the granite is continued for some distance towards the south- 
east at no great depth below the surface, is shown by the reappearance of two 
pretty considerable detached bosses of it, the latter being exhibited in the sides 
of the valley or glen of the Arrigle River, south of Thomastown, on the west 
of which the granite finally disappears under the almost horizontal beds of the 
Old Red Sandstone, which is there made up principally of granitic debris. 

The loftiest point of the granite area, F, is Lugnaquillia, 3040 feet,* in the 
southern part of the county of Wicklow. It consists of a mass of mica schist 
resting on the granite. All the loftiest parts of the neighbouring mountains 
consist of similar patches of mica schist, and it is in this, the highest part of the 
granitic chain, that the mica schist most nearly meets over the granite, and the 
greatest number of patches and bands, and embedded masses of mica schist, are 
to be found within the granitic area. 

This shows that it is in this, the loftiest part of the chain, that we have the 
original surface of the granite most nearly preserved, and that, if the mountains 
had been a little loftier,—in other words, if the denudation had not proceeded 


* This is also the loftiest eminence in the south-eastern quarter of Ireland, 
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quite so far,—all these detached patches of mica schist would have been joined 
into a continuous mass, and a skin of mica schist would have spread completely 
over the granite. 

Immediately south of this, on the other hand, where the ground is very 
low and the granite area is traversed by the valley of the Slaney, we have the 
widest exposure of granite at the surface, and find it to be most free from 
included patches of mica schist. We see in these facts how directly the 
appearance of granite at the surface is related to the occurrence and the extent 
of denudation. 

It follows also from these and the preceding descriptions, that this main 
granite mass, however extensive it may be, and however it may form the most 
prominent and striking feature of our district, is yet not to be looked upon as 
either its geological or geographical axis. 

North of Lugnaquillia, certainly, the granite hills form a watershed, between 
the aflluents of the Liffey on the one hand, and those of the brooks that flow 
out on the coast at Arklow, Wicklow, and Bray, on the other. South of that 
mountain, however, the more important rivers, Slaney, Barrow, and Nore, run 
directly across the granite area from one side to the other, the whole drainage 
of the south-east of Ireland coming right across its strike. 

Its geological relations are not more influential than its geographical. 

We have already seen that the prevailing strike of the greater part of our 
district is as nearly as possible N.E.and §.W. The direction of the main 
granite band differs from this by an angle of 25°. 

If the granite area served as a geological axis, we should, of course, always 
find the lowest rocks upon the flanks of the granite, and come upon higher and 
higher beds as we receded from it. So far from this being the case, it is the 
actual fact that the largest Cambrian area, that of Wexford, A, seems to stand 
especially aloof, both from the granite of the main area, F, and from that of 
Carnsore; while the Cambrian of North Wicklow (area B), although it is much 
nearer the granite, and at its northern extremity is quite close to it, is yet never 
brought up on the flanks of the granite, is not altered by it, has neither its beds 
nor its boundaries parallel to the direction of the granite, and, in short, seems 
in no way to be affected by it. 

At the southern end of the area F, the granite is at a distance of twelve 
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miles from the nearest Cambrian outcrop, and the beds in contact with the 
granite appear to be the upper part of the Cambro-Silurian series, that which 
is above the traps; while in North Wicklow the granite gradually approaches 
nearer and nearer the Cambrian outcrop, rising at last within a mile of it, and 
the beds in contact with the granite are apparently the lower part of the Cam- 
bro-Silurian series, those that rest directly on the Cambrian rocks. 

It would appear, also, that under the waters of Dublin Bay the granite must 
come in contact with the Cambrian rocks themselves, cutting through those 
that lie between Bray Head and Howth Hill. 

It is true that the beds and boundaries of the Cambro-Silurian area E (that 
of Kildare and Wicklow) run parallel to the direction of the longest extension 
of the granite area F ; but even here it appears as if the granite cut into the 
higher beds, rather than brought up the lower beds of the series, and there- 
fore does not serve as a geological axis. 

All the evidence, in short, goes to show that the intrusion of the granite, 
both that of the main area, and that of the smaller detached bosses and bands 
of granite, though doubtless a powerful and forcible intrusion, was neverthe- 
less an equable and gradual one, the molten mass working its way slowly up- 
wards into the overlying beds, without producing any disturbance. beyond its 
immediate sphere of action. Its motion would, perhaps, be more fitly described 
as a burrowing upwards, an undermining and eating its way up through what- 
ever it chanced to meet with, rather than as a great elevating power lifting up 
the rocks above it, and rending them asunder, in order to burst a passage for 
itself towards the surface. 

G. The Carnsore Area.—We have yet to say a few words on the district south 
of Wexford Harbour, that of Carnsore. This is separated from the area D by 
the Wexford Cambrian area A, and also by the overlying beds of Old Red 
Sandstone and Carboniferous Limestone, that stretch from Wexford Harbour 
to Ballyteigue Bay. 

The area is one of very low ground, and the details of its geology are con- 
sequently very obscure. Both its beds and boundaries seem to strike about 
E.N. E. and W.S. W., the dip of the beds being generally at angles approach- 
ing the vertical. Graptolites were procured on the shore near Greenore Point, 
and several species of Bala fossils (Orthis, Pentamerus, &c.) were found in a 
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small quarry north of Tagoat. Near that village, beds of red sandstone and 
conglomerate, exactly like Old Red Sandstone, were seen in a small quarry, in- 
terstratified with the slates of the Cambro-Silurian series. This fact makes it 
possible that the red sandstones and conglomerates of Bonmahon, county of 
Waterford, may in reality belong to the Cambro-Silurian rocks in which they 
lie, and not to any former covering of Old Red Sandstone, from which they were 
supposed to have been derived by downcast faults. In approaching the granite 
of Carnsore Point and Crossfarnoge, the Cambro-Silurian slates become meta- 
morphosed into gneiss and mica schist, and are traversed by veins of granite 
and greenstone, and the granite itself is in some places also traversed by dykes 
of greenstone. This is especially the case on the Saltee islands. 

The granite of this area differs in appearance from all the other granites of 
our district, being a coarse-grained red granite, with large crystals of flesh- 
coloured felspar. Small flakes of black mica are sparingly disseminated through 
it. A pencil-note on one of the Maps of the Geological Survey, in the hand- 
writing, as believed, of Professor OLDHAM, mentions the existence at Carnsore 
Point of segregated masses of mica, sometimes as much as two feet long by 


one broad. 
V. CLEAVAGE. 


Although it would be travelling out of our limits to enter at large upon 
the subject of Cleavage, it would yet be wrong to pass it over altogether in 
silence. 

Throughout our district, and indeed throughout the south of Ireland, all 
the Paleozoic rocks, both upper and lower, are more or less affected by slaty 
cleavage, from the Cambrian rocks up to the Coal-measures inclusive. The 
strike or direction of this cleavage is, with some few local exceptions, singu- 
larly uniform, scarcely ever differing from E.N. E. by so muchas 10°. Cleav- 
age with this strike is to be seen over all the country, from the county of 
Dublin to the extreme points of Cork and Kerry. Its dip, however, is not so 
persistent, being sometimes to the one side, and sometimes to the other, and 
varying greatly in amount; but in the Lower Palzozoic rocks of the S. E. of 
Ireland it is always at a very high angle, often vertical, or inclined at a few 
degrees from the vertical, either towards the N. N. W. or S. 8. E. 
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In the fine-grained black slates of the Cambro-Silurian formation, the cleav- 
age is sometimes carried out to such an extent as to obscure or even obliterate 
the stratification, and it is occasionally almost equally prominent in the Cam 
brian rocks. The cleavage, in fact, is often as fine and complete as in any slate 
whatever, and it only fails to make good roofing slate from the want of firm- 
ness in the material. 

It would be a very difficult task in the S. E of Ireland to arrive at any 
conclusions as to the relations between the strike and dip of the cleavage, and 
the anticlinal and synclinal curves into which the rocks have been thrown, in- 
asmuch as it is impossible, as already stated, from want of continuous sections 
to determine those curves themselves with anything approaching to precision. 

So far as can be observed in detached localities, it appears that there is 
here, as elsewhere, a general tendency to coincidence in the strike of the beds 
and the strike of the cleavage ; though if we judge by the direction of the boun- 
daries of the areas of the formations, this coincidence seems by no means univer- 
sal, nor, when examined on the great scale, to be anything more than approximate. 

The general direction of the cleavage, on the other hand, so far as it can 
be determined by detached observations in particular quarries, coincides 
almost exactly with the strike of the Upper Paleozoic rocks in the S. W. of 
Ireland. 

It remains a problem for future determination, by special research directed 
to that particular subject, whether the Lower Paleozoic rocks were affected 
by a slaty cleavage before the deposition of the Upper Paleozoic rocks, or 
whether the cleavage was impressed upon both simultaneously. 

In the latter case it might have been produced by the forces which com- 
municated the E.N.E., and W.S.W. strike to the rocks of the S. W. of 
Ireland ; while those forces, although they thus affected the S. E., may not have 
been sufficient to entirely change the direction of the previously existing strike 
of the rocks there. 

Some local exceptions, in which the strike of the cleavage runs E.S. E. 
and W.N. W., not coinciding with the general strike of the beds, make it pos- 
sible, perhaps, that two cleavages may have been impressed upon the country. 

There is also the possibility to be taken into account, that subsequent 
movements may have locally disturbed and shifted both the dip and strike of 
the cleavage after it was formed.—dJ. B. J. 


588 Mr. J. Beets Jukes and the Rey. SAMUEL HaucGuTon on the 


N.W. Section No. 1. SE. 


Sea level. 
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Sea level. 
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Mount Leinster, 
Six miles of low granite ground omitted 2610. 
towards the N.W., with three or four more a 
miles of Carboniferous Limestone resting el en 
directly on the granite. Six miles of low 


Cambro-Silurian 
ground omitted 
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Sea level. 


Ww. Section No. 2—continued. E. 
Three miles of low Cam- 
brian ground omitted 
Near Near between this point and 
Ferns, Monomolin, the sea-coast. 
A Ee oh Fr F b 1 
ee ib TELM IP TENN DF b a a 
ee Ml ME ks QSL Sa 
Sea level. 
The anticlinal and synclinal folds into which the SoBe ene bedded traps are here thrown, are quite hypothetical in form 
and number. 
d Carboniferous limestone. g Quartz rock in Cambrian rocks. 
b Cambro-Silurian slates, &c. D Greenstone. P Porphyritic. 
8 Altered do. (mica schist, &c.) F Felstone. 
a Cambrian rocks. G Granite. 


Scaxz of the aboye Sections :—One inch toa mile horizontal, and two inches to a mile vertical; but not yery strictly preserved, or the low 
grounds would not be seen above the sea horizon. 
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PART II. 
MINERALOGICAL RELATIONS OF THE IaNrous Rocks oF THE SOUTH-EAST OF 
TRELAND. 
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THE igneous rocks requiring description and illustration in the district we 
have under consideration are divisible into three groups: viz.—I1st. The 
granitic axis, described as (F) in the preceding part ; 2nd. The granitic rocks 
of Carnsore and the Saltees (G); and 8rd. The igneous rocks, granitic or 
otherwise, contained in the Cambro-Silurian region described as (D). 


I. Granitic Axis OF THE DistTRIC?. 


The granitic area is fully described at p. 583, et seg., and will be best 
understood by a reference to the map. In addition to the area coloured on 
the map, it is probable that this granitic axis extends in a north-easterly direc- 
tion under the sea, by Rockabill, off the north coast of the county of Dublin ; 
and perhaps even extends as far as the granitic district of Creetown in Scotland, 
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A short mineralogical and chemical description of this granitic axis has been 
published in the twelfth volume of the “ Quarterly Journal of the Geological 
Society of London.” The account which is here given is illustrated by many 
additional analyses, which have thrown new light on some of the questions 
discussed in that description. 

1. General Description of the Granite.—The granite of the axis, considered 
in its most complex varieties, is a quinary granite, containing the following 


minerals :— 


1. Quartz (watery). 4, White mica (Margarodite). 
2. White orthoclase (distinct crystals). 5. Black mica (Lepidomelane). 
3. Felspar (paste). 


Previous to discussing any particular analyses of the granite, it is necessary 
to say a few words respecting each of these constituent minerals. 

2. Quartz.—The quartz of the granitic axis is the usual watery transparent 
quartz of all the Irish granites; it has a mean specific gravity of 2-645, as 
determined from many specimens taken from veins containing large fragments 
of quartz, accompanied by orthoclase and white mica, from localities in the 
counties of Dublin, Wicklow, and Carlow. 

3. Orthoclase—This felspar is invariably found in the veins containing 
large crystals, which are common, traversing the granite in every quarry that 
is opened, with very few exceptions. The orthoclase is accompanied in these 
veins by quartz and white mica, and occasionally by schorl, beryl, spodumene, 
apatite, fluorspar, and garnet; the latter, when it occurs, being always in 
small crystals; it is found more commonly than the other occasional minerals, 
which may be considered rare, except in particular localities. 

Besides occurring in the large crystallized veins, orthoclase may readily be 
distinguished in facets and flattish surfaces, in the general felspathic paste of 
the granite of most parts of the axis. The composition of the orthoclase felspar 
of the axis has been studied with care by the Rev. Professor Galbraith, who 
has published the results of his analyses in the Proceedings of the Royal Irish 
Academy, vol. vi., p. 134. The following Table contains the results of Mr. 
GALBRAITH’s experiments, which prove that the orthoclase of the different parts 
of the granite axis varies very little in its character:— 
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Taste I. 
Analyses of Orthoclase Felspar. 


1 2 3 4 5 6 7 ~ ‘Average. 
= —— Bere 

Silica, . 64:00 | 65:40} 65:44! 65:05 | 64:19] 63°60! 64:48| 64:59 
Alumina, . 18°11} 17°71} 18°36) 17-72) 18°39} 18°84] 19:04} 18-31 
Lime, . cee ot ic 0°80; 0:23; O70). . aoe 0°25 
Magnesia, O'S Mle sa| o-meennlle net (NOS) O40 e102) 1] H0758 
Potash, 12°73 | 10°68) 12:34] 13°42) 11:39] 14:33} 10°74] 12:23 
Soda, : 3:00) 3:26) 2°73) 2°75 | 9:95 1:92) 2:64) 2-75 
Loss by ignition, | 0°55) 0-69} 052) 036] 0-58]! 060) 0-78! 058 
Total, 98:96 | 99:51 |100°19 | 99°53] 98:54) 99°69} 98-70) 99-29 
No. 1. Quarries of Dalkey, Co. Dublin, . Specific gravity = 2540 
No. 2. Three Rock Mountain, Co. Dublin... . . . a 6 = 2°562 
No. 3. Lough Bray, Co. Dublin,. . . ... . 2 bs = 2554 
No. 4. Lough Dan, Co. Wicklow,, . . .... a 4 = 2:559 
No. 5. Glenmacanass, Co. Wicklow,. ..... ‘ = 2°553 
No. 6. Glendalough, Co. Wicklow, . .... . Ss iB = 2453 
No. 7. Glenmalure, Co. Wicklow, pee fi zs = 2°560 
Mean . = 275401 


All these felspars are monoclinic, and.occur in large crystals, with their 


cleavage planes well developed ; the other faces are comparatively rare. 


Taking the average per-centage, we find the following Table:— 


TaB.e II. 


Atomic and Oxygen Ratios of the Orthoclase of Leinster. 


Atoms. Oxygen Ratio. 

Silica, . 1435 1435 3 
Alumina, . 352 352 

eTMe ePany sc 9 } 1 
Magnesia, . 29 

Potash, 260 7387 oats 

Soda, 89 

Water, 64 
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It will be observed that the protoxide bases are slightly in excess of the 
usual formula for this mineral, viz.:— 


KO, SiO; + Al, Os, 3Si Os 5 (1) 
while the oxygen ratio gives very exactly the formula— 
Al; Oslaa: 
3KO ease : (2) 


understanding in both formule that KO denotes all the protoxide bases, as well 
as potash. 

4, Felspar of the Granitie Paste.—I have not made any direct examination 
of the confusedly crystallized felspar of the granite paste, cementing the frag- 
ments of quartz, orthoclase, and mica together, nor do I believe it has a precise 
chemical composition constituting it a distinct mineral ; it contains more soda 
than the orthoclase of the granite, in which we find only 2-75 per cent. 

So far as I am aware, no crystals of either albite or oligoclase have ever 
been found in the Leinster granite, and this is easily accounted for by the fact, 
that the granite nowhere contains enough soda to admit of the formation of 
such crystals. There is not sufficient potash to form a felspar exclusively 
monoclinic in its form, nor is there sufficient soda to form the triclinic felspars; 
consequently, the orthoclase has crystallized out from the molten mass, leaving 
a confused residue of felspar to form the paste; this residue does not crystal- 
lize freely, as it is undecided whether to assume the monoclinic or triclinic form, 
and it, therefore, remains as a saccharoid paste of periclinic felspar. 

The following partial analyses of this felspathic paste have been pub- 
lished :— 


Foster. * England.* Campbell. + Campbell.t 
Rofashses)).) Ald Dene 3°23 3°02 
Soe, ce, BBY 6°89 3°75 3°98 


As all these specimens were taken from the same mountain,—the Three 
Rock Mountain, county of Dublin,—they are comparable with each other, and 


* Proceedings of Royal Irish Academy, vol. v., p. 381. 
+ Phil. Mag., Fourth Series, vol. ix., p. 513. 
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give for the average ratio of potash to soda in the felspathic paste of the granite 
of that mountain, picking out the mica and orthoclase— 


‘Popash: sees... 400 
Dodaesy me ATA 


I shall compare this result with the composition of the felspar deduced by 
myself from calculation, a method which admits of very considerable accuracy. 

I entertain grave doubts as to whether the felspathic paste of the granite is 
entitled to be considered as a distinct mineral, as it contains, as appears from 
the preceding estimate of alkalies, an insufficient quantity to form a tersilicated 
felspar, without the aid of the lime and magnesia, which exist in it in con- 
siderable quantity. It must be remembered that it is only by an arbitrary 
fiction of the mineralogists that we consider granite as composed of three, four, 
or two minerals. I shall show that the granite of Leinster unquestionably 
contains four minerals, viz., Quartz, Orthoclase, White Mica, and Black Mica, 
together with a confused felspathic paste, the composition of which may be 
ascertained, but which, being uncrystallized, except in a confused manner, we 
are at liberty to consider as a mineral or not, just as we please. It is as much 
a mineral as the chance slag of an iron furnace would be. No doubt, we may 
ascertain its chemical composition, and form a formula therefrom, but until it 
is found crystallized in a definite form we have no right to call it by the name 
of any recognised mineral ; it is neither orthoclase, nor albite, nor oligoclase, 
but a confused mass of felspathic paste, having a composition that is constant 
for many miles of superficial extent. 

5. White Mica.—In every specimen of granite that I have seen from the 
main chain, white mica is abundant, and as it contains 5 or 6 per cent. of water, 
it becomes highly interesting, as its occurrence is a proof that during the for- 
mation of the granite, water must have been present, in order to be chemically 
combined with the silicates composing the mica. This water must have occurred 
at a temperature between cherry red and the melting-point of silver, between 
which limits the granite was formed. 

The white mica is often found in lozenges (4 in. by } in.) in the body of 
the granite, and attains in the granite veins the dimensions of 2 in. by 1 in. 


and even 3 in.; but, in general, it occurs in plates not exceeding =4,th of an 
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inch in diameter. It is Trimetric, occurring either in flat rhombic right 
prisms, or in hexagonal plates, formed from the former by the replacement of 
the acute angles ; the angles in all the specimens which I have had an oppor- 
tunity of examining are exactly 120° and 60’, and I always found the plane of 
the two optic axes to contain the greater diagonal of the lozenge, joining the 
acute angles. 

The following measurements of the angle between the optic axes may be 
found useful :— 


1. Three Rock Mountain,. . 528° 8 
9: Glendaloupay Pt) Seer 00, 
SiMount emster i 2 eee te LS 
Ay Moueh’ Dante Beir i tO 2D 
5. Glenmalure, . .. . . 67 11 
6Poulmonnty? <0) tte Tors 


The following analyses show the composition of the white mica of 
Leinster :— 
Tas xe III. 
Analyses of White Mica. 


2 3 4 | Average. | 
} 
Silica, . 44-64 | 43:47 | 45°52 | 44-58 
Alumina, . 30°18 | 31°42 | 35°80 | 32°13 
Peroxide of iron, 6°35 479 2:16 4:49 
Lime, . : Sic | Plss 0-67 0:78 
Magnesia, 0-72 113 | 0-29 | 0°76 
Potash, p 12°40 | 10-71 9°68 | 10:67 
Sodavk 2) S.ce te aha 1°44 1:08 0:95 


0°30 0:07 


Protoxide EREEOAL, 5 Cay BAO Uae re 
5°32 5:43 4:40 5°34 


Loss by ignition, . 


Total,. . . . . | 99:92 | 99°61 | 99:77 | 99°90 | 99:77 
1. Glendalough Valley, Co. Wicklow, . Specific gravity = 2°793 
2. Mount Leinster, Co. Carlow. 
3. Three Rock Mountain, Co. Dublin, + “ = 2-771 
4, Poulmounty, Co. Wexford, in large 

plates (14 in.), silvery white mica. 
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From the preceding Table we find the following mineralogical results :— 


Taste IV. 

Atomic proportions of White Mica. Atoms. 
Silica < -hus elesl os ' \e 990 
ATI At ieee Me Piette tod e2OLSi| 674 
Peroxide ofiron, . ... - 56 J 
SIMe emer see cera e Tooke ete 28 
Waoneriag a 2 eau: veils 38 
Potesiivee.) ts Merete ee 227 >325 
Sodawew. th & Sia wee 30 
Protoxide ofsrony te) site % 
WWiaternmercn. stews -¥ at tenes eo gs | 


In the preceding analyses I only determined the quantity of protoxide of 
iron in the fourth ; but as there is probably a small quantity in the other 
three, there should be something deducted from the atomic weight of the perox- 
ides, and something added to that of the protoxides; we, therefore, obtain very 
accurately the following relation for the atomic proportions of silica, peroxides, 
and protoxides :— 


UGH ira Mtns. che Oe mnge Mano 
Reromideshaien.. OO. a tame 
Rrotoxidesye. 4) ines, 1 
Wiser sansa ete GO) a 
giving a mineralogical formula for the white mica— 
RO, SiO, + 2 [R,O;, SiO;] + 2HO. (3) 


This is the mica known to mineralogists as Margarodite or pearl mica, and 
improperly considered by Dana as an altered Muscovite. It is a distinct 
mineral species, and one highly interesting in connexion with the theory of 
the origin of granite, as it is undoubtedly a hydrated mineral, not the result of 
metamorphic action, but coeval with the other minerals forming the mass of 
the granite. 

If its formula be deduced from its oxygen, and not from its atomic propor- 
tions, we obtain from the mean of my four analyses— 


0:14 (3RO) + 0°86 (RyO;) + 1:26 (SiO;), 
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which gives exactly,— 
[+(38RO) + $(R,0;)] SiO,¢ + xHO, (4) 


the formula of Dana ; and proves its identity with the mineral described by 
him as Margarodite. 

6. Black Mica.—In addition to the white pearl mica, or Margarodite, just 
described, and which is always found in the granite of the Leinster axis, a 
variety of black mica is very commonly found in small grains, diffused through 
the mass of the granite in particular localities, as at Dalkey, Glendalough, and 
other places. 

This black mica is occasionally found in nests, and much more rarely in 
long crystals, associated with the white mica. 

It was discovered in great abundance by my friend and former pupil, Mr. 
Cotton, C.E., on the cutting of the Bagnalstown and Wexford Railway at 
Ballyellin, in the county of Carlow. The granite of this locality consists of 
white orthoclase, quartz, white and black mica, half and half, in long crystals, 
lying side by side and forming physically the same sheet of mineral, but sepa- 
rated from each other by a well-defined straight line. This line coincides with 
the trace of the plane of the optic axes of the white mica. The black mica 
proved on examination to be uniaxal, its optic axis bisecting the angle between 
the optic axes of the white or biaxal mica. JI examined carefully the angle 
between the optic axes of the white mica associated with the black mica, and 
found it to vary in different specimens from— 


56° 30’ to 71° 0’. 


The crystals of black mica are 2in. by }in., and they fit into the crystals 
of white mica readily, in consequence of the angles of the primary lozenge of 
the latter being 60° and 120°; the regular hexagonal base of the black mica 
crystal fitting, without physical dislocation, into the angles of the white lozenges. 
At Scalloge Gap, between Mount Leinster and Blackstairs, this black mica is 
found in nests and lenticular sheets in the fine-grained gneissose granite, which 
is itself composed of gray quartz, white felspar, and white mica, being a ter- 
nary granite, except where the occurrence of the black mica renders it 
quaternary. 
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The following analysis gives the chemical composition of the black mica 
of Ballyellin:— 


Tasre V. 
Black Mica of Ballyellin. 


Per-centage. Atoms. Oxygen 
Tatio. 

Silicases Si lee sfistes |ooroo 790 790 
Aluming) Gane. 6 Gell) L708 328 
Beraadolotinon) cf ae. | aa70 296 $024 624 
Tumors setae ct ee ie 061 021 
Mapnesia; .uuceu ee oe re 3:07 153 
Rotash, iy ete ven <8 eau 9°45 201 | -. 
Bidens: Gyscloch 1 tile 0:35) dl uenmee ste Adios 
Protoxide ofiron, . . . 3:55 098 
Protoxide of Manganese, . 1:95 054 
Wraters.. 8a 8 a sas 4°30 477 
Total tc te Bos oy cer ture tole 9961 


The preceding results were obtained by fluxing with carbonates of soda 
and potash, and with carbonate of lime and sal ammoniac; and afterwards, on 
acting upon 10grs. with hydrochloric acid, it was found to be completely 
decomposed, giving 35:20 per cent of gelatinous silex. The black mica of 
Ballyellin is,— 

1, Uniaxal. 
2. Decomposable by muriatic acid. 


From the oxygen ratios of this mica it is easy to deduce the following 
formula— 
R,0; 
3RO 
There is no simple relation between the peroxides and protoxides in this 
analysis ; the following is the nearest approach to a formula, founded on their 
ratio, that I can make— ; 
2[8RO, SiO,] +7 (R20s, SiO;) + 5 HO. (6) 
VOL. XXIII. 41 


SiO; + 4 HO. (5) 
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This formula represents the analysis pretty well, but is not so simple, nor so 
exact as (5), which I prefer. 

The black mica of Ballyellin has been identified by me with the black 
mica of the granite of Donegal, and is unquestionably a distinct and well- 
marked mineral species. In most respects it appears to be identical with the 
Lepidomelane of Soltmann, which is found at Petersberg in Wermland, in small 
aggregations of minute scales,—a mode of occurrence very common with the 
black mica of Kingstown, Scalloge Gap, and the black mica of Donegal. 
Lepidomelane is also soluble in muriatic acid, and is probably uniaxal. Its 
formula, as analyzed by Soltmann, is— 


3 RO, SiO; + 3 (Rss, SiOs). (7) 


This corresponds with my formula (5), and I believe the two minerals to be the 
same ; but it is evident that the Irish specimens are much finer and better 
defined as to their optical properties. 

Having thus established the existence of four component minerals, viz., 
Quartz, Orthoclase, Margarodite, and Lepidomelane, it now remains to examine 
the composition of the granite as a whole, with a view to determine the relative 
proportions of each, or the mineralogical analysis of the rock, and also the 
chemical composition of the felspathic paste remaining after the deduction of 
the well-defined minerals. 

7. Granite Rock.—We have now to consider the chemical and mineralogical 
composition of the granite rock considered as a whole. To the eye it presents 
a very uniform appearance throughout the whole granitic axis from Rockabill 
on the north-east, to Poulmounty on the south-west. Quartz, white felspar, 
and white mica, are always present in distinct grains, and very frequently 
black mica also, though in a smaller proportion than the white. The following 
Table contains the analyses of the granite rock, taken as a whole, without 
separating any of its constituent minerals:— 
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Taste VI. 
Analyses of Granites of Main Axis. 


No. Silica, | Alumina,| TOWS\°| ime. | Magnesia Potash. | Soda, |Pxotoxide) Toss by | qotats 
1. Rockabill, . . | 72:20} 16°12} 1°82 | 0°67 | 0:34 | 7:92] 054] 030] . . | 99°91 
2. Dalkey,. . . | 70°38) 12°64] 3°16] 2:84] 053 | 5:90) 313] . . | 1:16] 99°74 
3. Fox Rock, . . | 73:00] 13°64] 2°44 | 1:84 | O11] 4:21] 3°53] . . | 1:20] 99-97 
4, Three Rock, . | 70:28) 16°44; 2°60} 2:04, . .| 579; 282). .). .1| 99°97 
5. Three Rock, . | 70°32) 16:12] 3:20] 134]. . | 465 | 3°39] . . | 0:96) 99:98 
6. Enniskerry, . | 74:24] 13°64) 1:40 | 148] . . | 3:95 | 2°72) . . | 1:20] 9863 
7. Ballyknocken, | 70°82] 14:08] 3:47 | 2°65 | 0°31 | 464 | 2°31] . . | 1:39 | 99°67 
8. Kilballyhugh,. | 73:24! 15-45] 160 | 099} . . | 459] 308! . . | 1:20 |100-15 
g. Blackstairs, . | 73°20] 15°48] 172] 096]. .| 480] 318]. .|. . | 99°34 
10. Ballyleigh,. . | 73°28) 12°64) 2:00] 1:72] . . | 4:70] 297] . . | 1:04) 98:35 
11. Poulmounty, . | 71:76) 16°68] 1:08 | 148 | 0:28] 5:13] 2:97] . . | 060) 99:98 
Mean,. . . . . | 72°07 |14°81 | 2:22] 1:63 | 0:33 | 5°11 | 2°79] . . | 1:09 | 100-05 


Description of the foregoing Granites. 


No. 1. Rockabill, Island off the north coast of the county of Dublin; the granite forms the 
foundation of the new Light-house; its existence on this island is not generally 
known, and it proves the extension northwards of the granitic axis of Leinster. 
Medium-grained; composed of quartz, white felspar, and small facets of white silvery 
mica, 

No. 2. Dalkey quarries; specific gravity = 2°647; a fine-grained granite, containing both black 
and white mica. This granite has been used in the construction of Kingstown 
Harbour. 

No. 3. Fox Rock, county of Dublin; specific gravity = 2°638; a coarse-grained granite, strik- 
ing fire when struck with a hammer, and showing abundant gray quartz. 

No. 4. Three Rock Mountain, county of Dublin, Woodside Quarry; specific gravity = 2652; 
a coarse-grained granite, containing rhomboidal and hexagonal plates of white mica, 
speckled with grains of black mica. 

No. 5. Three Rock Mountain, county of Dublin; fine-grained granite, with occasional large 
plates of speckled mica, which appears to be characteristic of the granite of this 
mountain. 

No. 6. Enniskerry, county of Wicklow; specific gravity = 2'633; a rather coarse-grained 
granite, containing veins of black schorl. 

No. 7. Ballyknocken, county of Wicklow, specific gravity = 2°636; a fine-grained durable 
granite, considered to be the best building-stone near Dublin. The quarries are 
situated beyond Blessington, county of Wicklow. | 

No, 8. Kilballyhugh, county of Carlow; specific gravity = 2°616; a fine-grained granite, and 
a good building-stone; it contains no trace of black mica. 

No. 9. Blackstairs Mountain, county of Wexford; specific gravity = 2°622; a medium-grained 
granite from Kiltealy, on the Wexford slope of Blackstairs Mountain. 

No.10. Ballyleigh, county of Wexford; specific gravity = 2627; a fine-grained granite, from 
near Poulmounty Bridge, at the extreme southern boundary of the main granite chain. 

No.11. Poulmounty, extreme south of the granite axis; very fine-grained; quartz, white felspar, 
and white mica, 


412 
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If we now take the atomic quotients of the average of the eleven analyses 


of Table VI., we find the following :— 


Taste VII. 
Atomic proportions of Granite Per-centage. Atoms 
of Axis, . 
Silica, . 72-07 1601 1601 
Alumina, . 3 14°81 0°285 }osis 
Peroxide of iron, 2°22 0:028 
Lime, . 163 0-058 
Maecnesia, . 0:33 0016 ( o. 
Poms 511 o-109 ¢ 9273 
Soda, ee 2-79 0-090) 
Loss by ignition, 1:09 
Total, . 100:05 


This Table affords us the means of forming three equations from the 
atomic quotients of silica, peroxides, and protoxides present in the rock ; as I 
have shown already (Journal, Geol. Soc. London, vol. xii. p. 178) ; but as we 
have more than three unknown quantities, we must seek for other equations to 
determine them ; and in doing so, there is a considerable variety of choice in 
the methods which might be adopted. We shall first write down the three 


equations already obtained. 


The granite is quinary, or composed of quartz, orthoclase, margarodite, 
lepidomelane, and felspar paste, having the following mineralogical formule: — 


1. Quartz,. . . SiO, 


2. Orthoclase, . RO, Si0;+ Al,0;, 3 Si0,. 


3. Margarodite, . RO, Si0;+2 [R,O;, Si03] + 2HO. 
4. Lepidomelane, 2 [3RO, SiO;]+7 [R,0;, Si03] + 5HO. 


5. Felspar paste,. Unknown. 


(8) 


We cannot make a single step in the discussion without some assumption 
as to the felspar paste, which is not known directly. The following assumption 
is most probably correct: that the felspar paste is a tersilicated felspar, having, 
therefore, the same chemical formula as orthoclase, pericline, and albite ; this 
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assumption I consider nearly certain, from the fact of the presence of abun- 
dance of free quartz, which would have converted any monosilicated or bisili- 
cated felspar originally present into a tersilicated felspar, taking its mineralo- 
gical character from the predominant alkali. 

Let Q, F, M, L, denote the number of atoms of quartz, felspar, margaro- 
dite, and lepidomelane present in the granite ; from the formule of these mine- 
rals just given, and from Table VII., we find, as in my former paper, 


1:601=Q+4F+3M+9L; 
0313 = F+2M+7L; (A) 
0:273 = F+ M-+6L. 


In these equations we have four unknown quantities, and only three equa- 
tions ; but a fourth equation may be found as follows :— 

Let q, f, m, / denote the per-centages of quartz, felspar, margarodite, and 
lepidomelane in the granite; then g, f, m, J will be equal to Q, F, M, L 
respectively multiplied by their atomic weights. 

The atomic weights of Q, M, Z are known, and may be found as fol- 
lows :— 

The atomic weight of quartz is 45; that of margarodite may be thus 
found :— 

The mineralogical formula of margarodite is in atoms = 8 silica + 2 per- 
oxides + 1 protoxide + 2 water. The atomic weights of silica and water are 
known, and are 45 and 9 respectively ; therefore, if 2 and y denote the atomic 
weights of the peroxides and protoxides respectively, we have 


Atomic weight of margarodite =3 x 45+42ce+y+4+2x9. 
The values of x and y are found from Tables III. and IV., by the equa- 


tions 
; 36°62 = 0°674 x a, 


13 23 =0°325 x y. (9) 


The left-hand numbers being the per-centages of peroxides and protoxides 
respectively ; and the right-hand numerical coefficients denoting the atomic 
quotients of peroxides and protoxides respectively. From these equations we 
find the values of « and y to be 54 and 40. And finally— 


602 Mr. J. B. Juxes and the Rev. SamurL, Haucurton on the 


Atomic weight of margarodite = 302. 


The atomic weight of lepidomelane is thus found ; its equation in atoms 
(6), is 
9 silica. 
7 peroxides. 
6 protoxides. 
5 water. 


If z and y denote, as before, the atomic weights of the compound atoms of 
peroxides and protoxides, we find from Table V. the following :— 


40-78 = 0°624 2, 


18-98 = 0-538 y; §r0) 
from which we obtain, 
Zip, 
y= 30. 


And since the atomic weight of lepidomelane is 
9x 454+ 72+ 6y+5x9; 
we obtain finally, 
Atomic weight of lepidomelane = 1115. 


Using the atomic weights just found, we find the following equations; 
denoting the unknown atomic weight of the felspar paste, including orthoclase, 


by ¢:— 


q =45, 

m= 402M, 

= sli o,, (B) 
f =F, 


q +m+l+f=100°05 ; 


the last equation being found from the consideration that all the per-centages 
of constituent minerals, taken together, must make up the entire analysis of the 
rock given in Tables VI. and VII. 

So far as we have hitherto gone, equations (B) add nothing to equations 
(A), as they are five in number, and contain five unknown quantities in 
addition to Q, F, MW, L, viz., q, f, m, l, . 
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Another equation may be found from the consideration that all the iron in 
the analyses of Table VI. belongs to the black and white micas. White mica 
contains of iron, Table III., estimated as peroxide, 4:57 per cent., and black 
mica contains of peroxide of iron, estimating with it the protoxides of iron and 
manganese, Table V., 29°81 per cent.; while from Table VI., the granite 
contains 2:22 per cent. If we assume all the iron to belong to the two micas, 
which is nearly certain, we obtain an additional equation, viz., counting FeO 
and MnO with peroxides, 

29-811 + 4:57m = 222. (C) 


Bringing together all the equations A, B, and C, we have nine equations, 
and nine unknown quantities to determine, viz., Q, F, M, L, q,f, m, l, @. 

For convenience of solution, it is desirable to set down all the equations 
together: 


1601=Q44F43M+49L, (a) 

0-313 = F+2M+7L, (b) 

0-273 = F+ M+6L, (c) 
q= 452, (d) 
m= 402M, (e) (11) 
t= Ata, (f) 
i ee. (9) 
q+m+l+f=100-05, (h) 

29811 + 457m = 22200, (7) 


Subtracting (c) from (0), we find 


0:040=M+L; 
which, by (e) and (f), becomes 
m 
oe 403, Tag? 


which, after reduction, gives in combination with (7) the following system for 
the determination of m and /, the per-centages of margarodite and lepidomelane 
in the granite : 

402] + 1115m =17929, 


29811+ 457m =22200. (12) 
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Solving these equations for / and m, I find, after some numerical reduc- 


tions, 
m= 14:18, 
LS OeXe 
From (18), by the aid of (e) and (f), we find 
M=0:0358, 
From (14) combined with either (0) or (¢), we obtain— 
F = 0:2095. 
From equations (14) and (15), combined with (a), we find— 
Q = 06148 ; 


with which combining (d), we find— 
= 27°66 per cent. 
From (13) and (17), with (h), we obtain— 
J = 52:94 per cent. 
And, finally, from (18), (15), and (g), we find— 
gb = 253. 


(13) 


(14) 


(15) 
as) 
(17) 
(18) 


(19) 


Bringing together the values of the nine unknown quantities, and the atomic 


weights known by observation, we have— 


q = 27-66 Q = 0°6148 
f= 5294 F = 0-2095 
m = 14:18 L = 0:0047 
l= 5-27 M = 0-0353 


¢ = atomic weight of felspar, 253. 


(20) 


The unknown quantities just determined may be subjected to a severe test 
by substitution in the original per-centage analysis of the granite, as follows,— 
Let fois fan fr Su Fm Sp For for denote the unknown proportions of silica, alu- 
mina, peroxide of iron, lime, magnesia, potash, soda, and water, belonging to 
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the felspar in the analysis of the granite ; we have the following equations from 
Tables IIL, V. and VI., to determine these eight unknown magnitudes :— 


7207 = 100 g + 44°58 m+ 35°55 14+ fii 


1481 = 39°13 m+17-08 1+ fu 
222 — 4:57 m+ 29°81 1+ f; 
163 = 0-78 m+ O61 1+f; 
33 = 0:76 m+ 3:07 1+fr (oN 
511 = 10°67 m+ 9451+, 
979 = 0:95 m+ 035 1+, 
109 = 5°34 m+ 430 1+4+/. 


From these equations we may find the following Table, containing the 
distribution of the various chemical elements of the granite rock among its 
component minerals :— 


Tase VIII. 


Distribution of Elements among the Granite Minerals. 


Quartz. Margarodite. Lepidomelane. Felspar. Granite. 

Silica, . . . 27°66 6:33 1:87 36:21 72-07 
Alumina, . salt: SPRING 4:56 0:90 9°35 14°81 
Peroxide ace...) ‘alice su cans 0°65 1:57 A ee on 2°22 
Wihiey «oo ala fo Glo 6 011 0-03 1-49 1°63 
Wien SS gl 4 | allio a. scald 0:10 0-16 0-07 0°33 
TEEPE ye 5 wide sollGunomad voe a 1:52 0°50 3°09 511 
Sodacw Sp teetiren| ie. seer sey 0:14 0:02 2°63 2°79 
Water: sweieh Veterans yews: © s O77 0-22 0:10 1:09 
Totals, . . 27°66 14:18 5:27 52:94 100:05 


Converting the column of felspar into per-centages, we find the following 
Table, which contains the calculated felspar of the granite, including its ortho- 
clase, which we promised (page 593) to compare with the average result of 
the various direct experiments made on the felspar of the granite of the Three 
Rock Mountain. The present calculation gives a slight preponderance of 
potash over soda in the ratio of 8:7, while the direct experiments gave, for 
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the felspar of the Three Rock Mountain, soda in excess of potash in the 
proportion of 6:5. I place most reliance on the numbers contained in 


Table [X.:— 


Taste IX. 
Calculated Felspar of Granite Rock. 
Per cent. Atoms. Oxygen ratio. 
SHA Sl ere oO 68-40 1:520 1:520 
Alumina,. . . 17-66 0:340 
DME.) we raees re 2°81 0-100} 
Magnesia,. . . 0:13 0-006 0-390 0:470 
Potash, Sor. 5°84 0°124 
Sodateny i ane 4:97 0160 
Wistert ener ce 0:19 
Total eae wee 100-00 


This Table gives the composition of the felspar of the entire rock, which is 
a tersilicated felspar, composed partly of orthoclase, and partly of a confused 
paste, the composition of which cannot be ascertained by experiment, in con- 
sequence of the impossibility of separating the orthoclase from it. 

The result of the preceding calculations, so far as they relate to the minera- 
logical composition of the granite, is as follows: — 


TaBLe X. 
Mineralogical Analysis of Granite. 
Quartz; ae, See 27°66 
Felspar (Tersilicate), . . . 52°94 
White Mica (Margarodite), . 14:18 
Black Mica (Lepidomelane), . 5°27 
Potala Lae 5 Meee es 100°05 


The preceding result is, I believe, very accurate, and is, so far as I know, 
the first exact representation of the composition of a quaternary granite. The 
granite of Leinster is well suited for a calculation such as I have made, as it 
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constitutes the largest tract of granite in the British Isles, and also retains 
throughout its extent the greatest sameness of mineral composition. 

I shall here add, for the purpose of comparison with the foregoing analyses 
of the Leinster granites, the following analysis of the granite of Creetown in 
Scotland, which appears to be the prolongation of the Leinster chain, and 
resembles in its external appearance many of the Leinster granites :— 


Tasre XI. 
Creetown Granite. 

| Per Cent. 
SUCH oc uy ice ets eee 68:04 
PAIN Ae sei b) wera fe 17:20 
Peroxide of Iron, . . 3:15 
LUT TY MAS 2:92 
Magnesia, . . - » . 1-20 
Potashs se. teth= Gs, Ye 3°90 
Sadasaetweelc ecol weer 3°25 
Protoxideof Iron, . . 0-41 

100:07 


Granite, medium grained; composed of quartz, white felspar, black mica, with occasional specks 
of white silvery mica. Not unlike specimens from Dalkey. 


Although this granite looks like the Leinster granites, yet the foregoing 
analysis is sufficient to prove that it is not the same ; its silica is deficient, and 
its bases (particularly alumina, lime, and magnesia) are in excess of the 
average of the Leinster granites. 


I.—Ovttyine Granitic Tracts. 

1. General Description. We have already given the geological relations, so 
far as they are known, of the granitic and other igneous rocks which occur in 
the Cambro-Silurian district of the counties of Wicklow and Wexford, and 
mentioned the difficulty of explaining the absence of the band of felstones and 
greenstones over a part of the northern area, while they stretch so continuously 


across the district on the south. 
4x2 
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Over a large part of the district there are a number of outlying granitic 
patches, occupying a well-marked and characteristic position. These form a 
series of long granitic islands, following rather the strike or bearing of the beds 
than the geological boundary of the granite axis, and suggest the idea, which 
may be collected from the map, that the true axis of the granitic chain lies 
more to the east of north than would appear from the line of its separation from 
the slate. 

It is impossible to discuss the mineral composition of these outlying granitic 
patches by the same systematic method that we have applied to the main gra- 
nite chain itself, as we have the best reasons for believing that they are all 
formed of that granite, adulterated and mixed with bases, which, varying from 
place to place, alter the character of the rock in a manner that never occurs in 
the main chain. We look upon that as the great molten mass, of which the 
granite islands are offshoots, more or less affected by the bases they have 
fallen in with in their contact with the slate rocks. The truth of this remark 
will be best seen from the analyses in the following Table, in which the loca- 
lities are arranged in order of occurrence, from N. W. to 8. E. :— 


2.—Chemical Composition of the Outlying Granitie Tracts. 


Tasie XII. 
Composition of the Outlying Granitic Rocks. 


1 2 3 4 5 6 7 8 9 
| Silica, . . . . . .| 70°32 | 63°80 | 70:80 | 73°66 | 80:24 | 72:40 | 66°60 | 68:56 | 73:96 
| Alumina,. . . . .| 11:24 |17-60 |18-00 | 13:64 | 12:24 | 17-24 | 13:26 |14:44 | 12-44 
| Peroxide of Iron, . .| 4°80 | 3°40 | 9°80 | 2:20 0:72 1:60 7:32 | 5:04 3:07 
Wosimmey, «ae os escerete el a OROILe La ea OM ees oi earl 0:89 074 3°36 | 3°85 1:28 
Magnesia,. . <0 = .|) O:f3)|/ 4200) (O22) 9045 )\" 2 >. 0:43 1:22 | 0:43 014 
Potash,» waned) 22k ZrO Nee 40 e432 0:40 318 2°31 | 2:78 5°10 
Sodas SF . 57. 03339" " b:10")}) 4:08") 73:51 5°58 3°84 3°60 | 3:36 3°00 
Protoxide of Iron,. .|. . Oz50 Wteepare, alee cial ae ane ce 0°55 
| Loss by Ignition, . .| 162] 0-76 | 1:00) 072) . . | O80} 234] 1:00] 1-00 
| Carbonate of Lime, .| 1-34 
| 
Totals, . - .| 98°72 | 97-47 | 99°57 |99:29 | 100-07 | 100-23 | 100-01 99°46 | 100°54 
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Description of the foregoing Granites. 


No, 1. Cushbawn Hill, 1318 ft. high, near Ballynaclash; this granite is the most north- 
westerly of the granite patches, or nearest to the main granite chain; fine-grained 
granite, composed of quartz, white felspar, white mica, and green mica; both micas 
in small grains; specific gravity = 2-671. 

No. 2. Coolboy, Tinahely, county of Wicklow; remarkable granitic patch, occupying the 
bottom of a valley, scored out in consequence of the granite rock being softer than 
the surrounding slate. The bearing of this granite outlier prolonged to the north- 
east, as shown on the map, would pass right along the direction of No. 3, or Bal- 
lynaclash granite, leaving Cushbawn Hill somewhat to the north-westward. Gra- 
nite, fine-grained; consisting of — 

1. Quartz, gray and minutely disseminated. 

2. Black mica, conspicuous, often collecting into flattened nests; 2-3 in. long 
by 14 broad, by ith thick. 

3. Very minute specks of white mica.. 

4. White felspar, saccharoid, intimately mixed with quartz, and semitranslu- 
cent. 

No. 3. Ballynaclash, on same line as No. 2. Fine-grained granite, composed of— 

1. White mica, in small occasional flakes, 

2. Dark green hornblendic mica, in minute grains, giving a general greenish 
character to the rock. 

3. Quartz, gray, conchoidal, conspicuous. 

4, White opaque felspar, forming the felspathic paste in which the other mine- 
rals are embedded. 

5. Crystals of felspar, of bright watery lustre, translucent; embedded in 4. 

No. 4. Croghan Kinshela, head of Coolbawn brook, N.N. W.; central mass of deep granite 
of mountain; crystalline; medium-grained; facets of felspar predominating, and 
giving a character to the rock, which is of a pale-greenish colour, owing to the 
presence of blackish-green hornblende; the mass is composed of— 

1. Quartz, gray, conchoidal, inconspicuous; smothered in felspar. 

2. Hornblende in minute grains. 

3. Felspar in translucent crystals ({th by th in.), with highly reflecting sur- 
face; those crystals, which appear to be orthoclase, give a character to the 
entire rock. 

No. 5. Croghan Kinshela, near summit; specific gravity =2°629; brilliant white felspar, with 
gray quartz; stained here and there with patches of chlorite. 

No. 6. South Base of Arklow Rock Little; fine-grained granite, very white; it occurs in a 
vein not more than 20 yds. wide, with slate on each side; composed of— 

1. Quartz, distinctly visible in minute grains. 

2. Felspar, opaque, very white, forming the greater portion of the rock mass; no 
distinct crystals. 

3. Very minute grains of very silvery white mica disseminated through the 
rock, giving frequently a silvery lustre to the facets of quartz and felspar. 

No. 7. Ballymotymore, near Oulart, containing black mica; specific gravity = 2'659; fine- 
grained granite. 

No. 8. Ballynamuddagh, near Oulart; coarse-grained granite, containing distinct and large 
plates of black mica, <$;th in. broad; specific gravity =2°670. 
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Composition of the foregoing Granites—continued. 


No. 9. Camaros Hill. This rock appears to contain only two minerais; it weathers into a 
compact yellowish-white felspar, and has a general resemblance to the granite of 
Croghan Kinshela, No. 4; it is composed, apparently, of— 
1. Felspar of yellowish waxy lustre; facets abundant, not very numerous, set in a 
paste of yellowish felspar and greenish-black hornblende, intimately mixed. | 
2. Hornblende in dots, specks, and streaks, mixed with felspar paste. 
3. No quartz visible. 


Of these isolated granitic patches, the most important, taking into account 
both area and elevation, are Croghan Kinshela and Camaros Hill (Nos. 4 and 9). 
It is remarkable that these are the only granites that retain the predominance 
of potash over soda, that characterizes the granite of the main chain ; and it is 
worthy of remark, that even in Croghan Kinshela, where the central main mass 
of the hill retains the character of the original granite that produced it, yet the 
granite of the summit of the mountain, No. 5, shows a deviation from the mean 
type of the granitic chain, as great as is presented by any granite in the whole 
south-east of Ireland. Such an anomaly as this is found nowhere in the gra- 
nitic chain, where even at Poulmounty, Enniskerry, Three Rock, Dalkey, and 
other localities within a few yards of the metamorphic slate, the granite of the 
chain retains its physical and chemical character, uninfluenced by the neigh- 
bouring rocks. On the contrary, in the outlying granitic patches no two 
granites are alike; some have more alumina; some, more iron ; some, more 
lime and soda; but all differ from each other, and that within the space 
of a few hundred yards or feet. It would be a hopeless task to investigate the 
law of composition of rocks so changeable in their character as the granitic 
island patches of Wexford and Wicklow, and the conclusion is forced upon us 
irresistibly, from the facts observed, that the only mode of accounting for such 
a diversity of composition is to assume an equally diverse composition in the 
aqueous rocks they came in contact with, which have changed and metamor- 
phosed the granite of the main chain into compounds, which, though they are 
still genuine granite, deviate from it so far as to render it difficult to determine 
the law of their changes. 

3. Origin of the Outlying Granitic Tracts,—It is nearly certain that the iso- 


Lower Paleozoic Roeks of the South-East of Ireland. 61] 


lated tracts of granite were formed by the irruption of the granite of the main 
. chain, which granite became mixed up with impurities, consisting principally of 
bases, and thus degenerated into the separate special forms of granite, the ana- 
lyses of which are given in Table XII. There is much difficulty in determining 
the nature and amount of the impurities thus added to the granite of the main 
chain ; but as the subject is one of great importance, I shall make an attempt 
to exhibit at least the method by which the question should be solved, and trust 
to further observations to furnish sufficient data for its complete determination. 

Let us take, for example, the Coollattin granite, No. 2, and endeavour to 
determine the amount and kind of admixture with the main granite sufficient 
to produce it. 

Let M represent any arbitrary number of tons of main axis granite, C’ the 
unknown number of tons of granite of the composition of No. 2, resulting from 
the admixture of C — M tons of unknown substances with M tons of molten 
main chain granite. 

It is required to determine the nature and amount of the substances thus 
added. 

It is easy to see the truth of the following equations :— 


100 Silica = 63°80 C— 72:07 M, 


100 Alumina = 17°60 C— 14:81 1, 
100 Peroxide= 3:40 C— 2:22 Wf, 


100 Lime = 270 C— 1:63.¢, 
100 Magnesia= 1:00 C— 0°33 M, (22) 
100 Potash = 261 C— 5:11, 
100 Soda = OOM a 2 
100 Loss = 3879C— 1:04 mM. 


In these equations, silica, alumina, &c., stand for the unknown number of 
tons added to a given number of tons M/ of main chain granite, to make C’' tons 
of Coollattin granite. There is one unknown quantity more than the number 
of equations. Adding all together, we find, since the silica, alumina, &c., must 
be equal to C— M, 

100 (C— M) = 100 C— 100 ¥, 


which is an identity. We, therefore, cannot obtain an additional equation from 
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the consideration that the sum of the silica, alumina, &c., is equal to the total 
difference in weight of the new granite and the old. 

A number of hypotheses may be made, which would enable us to solve the 
equations (22). The following are only given as an example of the method of 
procedure :— 

Hyrornesis A.—Let the impurities added to the molten granite equal in weight 
the mass to which they are added. 

Adopting.this hypothesis, which is certainly not a probable one, and taking 
M equal 100 tons, C becomes 200 tons, and the following values may be found 
for the elements added :— 


TaBLe XIII. 


Impurities added to 100 tons of Main Chain Granite, to make up 200 tons of Coollattin Granite. 


Tons 
hile a ce (dette GO ec 55°53 
Almminay Gee hile. & 20°39 
iPeroxide;eee) comes co 4:58 
Teimne wey tikes). Cadh ect Wis us Bi ttf 
Magnesia, . . . - - 167 
IPG CAEH freuce nat aetna O11 
Sodas 9. ma, siden 5: 7A4l 
LORS Nee sh Rete. clave. Ire 6°54 

"Robelse2) pone eer 100-00 


Hyvoruesis B. — Let the impurities added consist of clay slate and other 
matters, the ratio of the silica to the alumina being 90 : 52. 

This proportion of silica to alumina is the proportion of two atoms of silica 
to one of alumina, and is one that is often met with in clay slates. 

From it we obtain from the first two of equations (22), the following 
value :— 

| C = 139-2. 

Substituting this value in the equations, and making M equal 100, we 

find,— 


a aie 
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TaBLe XIV. 


Impurities added to 100 tons of Main Chain Granite, requisite to make Coollattin Granite, on the 
supposition that a Bisilicate of Alumina is the form in which the Silica and Alumina are added. 


Tons. 

Silicashiee) aie se + 16°74 

Alumina, : + 9°69 

Peroxide, + 251 

Lime, . Sar + 2:12 

| Magnesia, . . . + 1:06 

Potash, : — 146 

Soda, . + 431 
Loss, . ere + 423 | 
Totalyice a+ 39:20 


It follows from this investigation that if the clay slate added to the granite 
have the composition assumed in Hypothesis B, that part of the potash of the 
granite must have been washed out before it could have acquired the com- 
position of the Coollattin granite. 

In the present state of our knowledge of the substances likely to have been 
mixed with the granite of the main chain, when it broke through the Cambro- 
Silurian slates of Wicklow, it would be extremely rash to place any reliance 
on the foregoing, or, indeed, any other hypothesis. It is to be remembered 
that the slate through which the granite penetrated is not a basic rock; and, 
therefore, we find the granite, although altered, still a genuine granite, and 
the result of Hypothesis B applied to the granite of Coollattin is probable 
enough. In the Carlingford district, where the rock penetrated by the granite 
is limestone, the reaction on the granite is very different, as it is converted into 
a syenite, highly crystalline, composed of anorthite and hornblende. 


III. Fretspatuic anD HornBLENDIC TRAPS. 

1. General Description.—In addition to the isolated granite patches already 
described, which occur through the whole of the Cambro-Silurian rocks of 
Wicklow and Wexford, there are many other patches of igneous or quasi- 
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igneous rocks, occurring in well-marked bands in the slates, and apparently 
contemporaneous with them. They are found in two distinct bands, one to 
the north, between Arklow and Wicklow; and the other, apparently of the 
same age, to the south, in a narrow band, lying at each side of a linc drawn 
from Gorey through Waterford to Ballyvoil Head. The following remark on 
the relative directions of the granite axis, the granite patches, and the trappean 
deposits, may be useful :— 


Granite Axis. Bearings. 
Lugnaquillia to Mount Leinster, . . 29° E. of N. 
Kippure to Lugnaquillia, . . . . 14 x 
Kippure to Mount Leinster, . . . 24 ss 

Mean bearing, . . 22° 20'E. of N. 


The mean direction of the Longmynd system of M. Elie de Beaumont, 
referred to Milford Haven, is 24° 24’ E. of N. 

The Longmynd system is antecedent to the Silurian deposits of Wales. 

2. Granitic and Trappean Patches ; Bearings.—If a line be drawn through 
the axis of the Coollattin patch, it will pass along the Ballynaclash granite, 
and if produced southwards will bisect the line joining Stradbally and Kilmac- 
thomas, in the county of Waterford. On the other hand, a line drawn through 
either Camaros or Oulart granitic patches, in the direction of their axes, will 
reach the same point. 

The first of these lines, which represents the mean direction of the granitic 
patches of the northern district, is also the mean direction of all the trappean 
patches, both northern and southern. 

The direction of this line is 


42° 30’ E. of N. 


It does not deviate much from the system of the Hiindsruck, which at Milford 
Haven has the bearing— 
48° 48’ E. of N. 

It is, perhaps, not merely by accident, that a line drawn from the point 
half-way between Kilmacthomas and Stradbally to Tuskar Light, passes along 
the line of junction of the Carnsore granite and the altered slates of the ex- 
treme south-east of Ireland. The meaning of these facts is not known, but 
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there is some reason to think that the central point of the eruptive forces that 
have operated on the south-east of Ireland was situated somewhere in the west 
of the county of Waterford. 

3. Felstones of the South-East of lreland.—The felspathic traps which are 
associated with the Cambro-Silurian slates of Wicklow, Wexford, and Water- 
ford, were probably contemporaneous with the slates, in which they occur 
interstratified. They resemble the granite of the main axis in chemical com- 
position, although quite dissimilar in appearance. This resemblance and 
dissimilarity may be seen from a study of the following Table, and the descrip- 
tion of the rocks that accompanies it :—- 


Taste XV. 
Analyses of Felstones. 


| Ai ee es ee 


Ballymurtagh. | Carrickburn, Bonmahon, | Benaunmore. | Pitt’s Head. 
1 2 3 4 5 
RSID Sie, POR Ree ete baa dele 81°36 78°40 77°20 71:52 74:88 
Aldming (Ra Ses 5 oie 7:86 11°32 6°54 12:24 12:00 
Peroxide ofiron, . . . . 3°32 0°92 5°82 3:16 3°50 
(imeee eee RS Se a. 0:99 0-45 | Carb. 1-81 0:84 0:34 
Masnesias es hod enc < 0°45 0-48 0:60 0°39 1:28 
Otasne ES eas ory hp: 3:09 4°83 3-69 5°65 4°77 
Soca Ae Kei a, te 2°63 3:09 3:03 3°36 2:49 
Protoxide of iron, = Jeitay yl “Se eok tine es ao Ricwes 0:20 
Loss by ignition, . . . , ey, re 0°56 1:12 1-20 1-20 
Totdlasc? wea kee, UATE 99°70 | 100-05 99°81 98°36 100°66 


es ee ee ee) ee eee 


Description of the foregoing Felstones. 


No. 1. Bell Rock, Ballymurtagh Mine, Vale of Ovoca, county of Wicklow; from a depth of 
two or three feet in the rock, obtained by blasting; it weathers white to the depth 
of a few inches, owing to the kaolinization of its felspar, but the natural colour of 
the rock is a pale grayish-green; it is exceedingly hard, striking fire freely under 
the hammer, but, when subjected to the long-continued action of the reducing 
flame of the blow-pipe, it melts slightly on the edges, , ' 

No. 2. Carrickburn, county of Wexford; pale grayish-green felstone, with occasional facets 
of felspar; weathers quite white; passes in some parts of the mountain into a rock 
of a nodular, siliceous, concretionary structure, the concretions being 1-3 inches 
in diameter, and, when broken open, often hollow, or filled with pure quartz and 
chlorite. 


ae a en a 
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Description of the foregoing Felstones—continued. 


No. 3. Bonmahon, county of Waterford; pale greenish felstone, stratified; in other localities 
in this neighbourhood the felstone is found in columnar masses, sometimes almost 
translucent on the edges, like the hornstone of the German geologists. 

No. 4. Benaunmore, near Glenflesk, county of Kerry; occurs in columnar masses, 200 feet 
long; it is massive, fine-grained, with rounded specks of quartz (globuliferous) 
and small occasional facets of felspar, brittle, of conchoidal fracture, somewhat 
lamellar, and translucent on the edges, with a ringing clink, and striking fire freely 
when struck with the hammer. 

No. 5. Near Pitt’s Head, half-way between Caernarvon and Beddgelert, at the summit level 
of the road, caused by a band of translucent greenish felstone; pale green, semi- 
translucent, with facets of felspar. 


The first three of the foregoing analyses are of rocks from the district under 
our consideration,— 

No. 1. Ballymurtagh, from the north-east extremity of the southern band 
of felstones. 

No. 2. Carrickburn, from the centre of the same band. 

No. 3. Bonmahon, from the south-west extremity of the same southern 
band. 

The other two analyses are of rocks similar to the foregoing, but from very 
different districts :— 

No. 4. Benaunmore, near Killarney, associated with beds of the Old Red 
Sandstone epoch. 

No. 5. Pitt’s Head, Caernarvonshire ; from the lowest Silurians, but above 
the Lingula beds and magnetico-phosphatic bands of the same county. 

The difference between these felstones and the bastard granites associated 
with them is evident in the relative proportions of potash and soda. The 
cause was absent, whatever it was (sea water or other cause), that produced 
the excess of soda above potash, and the felstones of Wicklow, Wexford, 
Waterford, Kerry, and Caernarvon, are simply potash granites of the ordinary 
type, that by rapid cooling acquired a stony instead of a crystalline structure, 
and that appear to be contemporaneous with the beds with which they are 
associated. The following Table exhibits the true character of these stony 
granites :— 
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Taste XVI. 
Atomic Proportions of Felstones. 


| Ballymurtagh.| Carrickburn. | Bonmahon. | Benaunmore, Pitt's Head. 


Dilica amet 1:808 1:742 1715 1554 1-664 
Alumina, . .. 0151 0°208 0-126 0-238 0:231 
Peroxide of Iron, . 0-041 0-011 0-073 0-039 0:044 
Hime ee.) rs 0:035 0:015 wee: 0:030 0-012 
Magnesia, . . . 0:022 0:024 0:030 0:019 0:064 
Potash ereks. ater: 0:065 0:102 0-078 07120 0-101 


Sodan cet. pee 0:084 0:099 0:098 0°109 0-080 
Protoxide of Iron, saps 45 ab iA Bale 0-006 
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From the preceding Table we may deduce the following :— 


Tazsie XVII. 
Atomic Proportions of Silica, Peroxides, and Protomides of Felstones. 


Ballymurtagh.| Carrickburn. | Bonmahon. | Benaunmore. Pitt's Head. 


Dilicawer oe et 1808 1-742 1-715 1°554 1-664 
Peroxides, . .. 07192 0:219 0-199 0:277 0:275 
Protoxides, . . . 0:206 0:240 0:206 0:278 0263 


From the sensible equality of the atomic proportions of peroxides and pro- 
toxides in the preceding Table, it follows that the felstones may be considered 
as Binary granites, composed of quartz and orthoclase that have cooled 
rapidly. 

The following Table contains their mineralogical composition, calculated on 


this supposition. 
TasLe XVIII. 


Mineralogical Composition of Felstones. 


Ballymurtagh.| Carrickburn. | Bonmahon. | Benaunmore, | Pitt's Head. 


“Quartz, . 45°54 37:17 40°81 20°51 26°46 
Felspar, . . 54:16 62:32 56:07 76°65 73°00 


Totals,. . . 99°70 99°49 96°88 97°16 99°46 
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It is evident from the preceding investigation that there is a very close re- 
semblance between the first three felstones, which occur in the south-east of 
Ireland. They agree with each other, and differ from the felstones of Kerry and 
Caernarvon in containing more quartz and less felspar. The average propor- 
tions of these minerals per cent. are—— 


Quartan). ~.)).- (Aleg2 
Felspar, . . . 58-28 
100-00 


The felstones of the south of Ireland have been frequently compared to the 
clinkstones of Auvergne and other volcanic districts. 'They may be considered 
as the palzozoic representatives of the clinkstones, but differ from them in 
several important particulars. Their agreement and difference may be well 
seen from the following analysis of a clinkstone from Roche Sanadoire, near 
Mount Dor, collected by Mr. Jukes. 


Tasre XIX. 


Clinkstone from: Roche Sanadoire, near Mount Dor. 


Per cent. 


Sica tee esa mens 59°84 
cA‘laminn,. ©.) lebise 18:80 
Peroxide of iron, . 2°80 
himes, (ee 5 aes 1:57 
Magnesia, . . . 0°23 
Potash, 0) teers 5°52 
Sodasseir cies uecmere 7:65 
Protoxide of iron, . 0:20 
Loss by ignition, . 1:62 

Totals ec. 98:23 


This rock resembles somewhat in its external character the Irish felstones, 
but its chemical composition and mineralogical constitution is wholly different, 
as appears from this analysis. The quantity of alumina, and alkalies, particu- 
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larly soda, is very great, and that of silica is small, as compared with the palwzo- 
zoic felspathic traps of the counties of Wicklow, Wexford, and Waterford. 

4. Greenstones associated with the Felstones of the South-East of Ireland.— 
Although the greater number of the trappean rocks, which occur bedded con- 
formably with the slates of Wicklow, Wexford, and Waterford, are decidedly 
felspathic in their character, there are found occasionally other rocks which 
are genuine greenstones, which occur under precisely similar conditions, and 
are often intimately connected with the felspathic rocks. In fact, one of the 
most interesting questions connected with the physical geology of this district 
is the discovery of the precise relation between the greenstones and felstones 
which are interstratified with the slates of the Cambro-Silurian age. The data 
for the solution of this question do not yet exist, and the following analyses 
of two greenstones from the north-eastern extremity of the trappean bands of 
rock must be regarded as only a first, and that a small contribution, to our 
knowledge of this subject. 

The two specimens analyzed occur close to each other near West Aston, 
county of Wicklow ; and are totally different in physical appearance and cha- 
racter, though probably similar in their origin. 


Taste XX. 


Chemical Composition of West Aston Greenstones. 


1 2 } 
Silicate ay ttemecs sleds pseeated to 52:08 57°88 
Alaminn Aes be cae ct Seles 15°60 15:20 
IPEroxXiGe\ObarONs) (s. ewes (a, beth cice. ts 5°75 7:50 
TiiMCiy oR MrsEa te” <li k Mero berg erie s 652 4:81 
Magnesia;. 2. . . «= © ee | 8:40 6:34 
Potashsamer Weiecs aapicws| <cce siale 3°80 | 3°03 
Sodas, et otits “camels Soil 2, Breit yore 2:92 2°67 
Protoxideofsron;eaedse) © +. sha tay se 2°57 1°35 
Loss by ignition, . ....-+ +» 2°24 1:04 
Totaltaats, ish sua Beha wa, feipteher 99°88 99°82 
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Description of the foregoing Greenstones. 


No, 1. West Aston; dark greenish-gray rock, with glancing surfaces of bronze mica, and 
alternating parallel faces of felspar of high lustre. It is composed of— 
(a) Fespar, pale greenish; translucent, with 4 in. irregular shining faces, 
giving a remarkable aspect to the rock. 
(b) Bronze mica, faces sometimes 2in. by }in.; presenting the same glancing 
effect as the crystals of felspar. 
No hornblende of any kind visible; the felspar predominates, but the thin flakes of 
bronze mica are very conspicuous. 
No. 2. West Aston; fine-grained crystalline greenstone, into which the rock No. 1 probably 
passes. It is composed of— 
(a) Felspar, white, with occasionally a pale greenish tinge; semi-opaque. 
(b) Mica, rarely white; in minute flakes, passing into a greenish amorphous | 
mineral, apparently in equal quantity with the granular white felspar. It 
is a leaden-coloured greenish mica, not either hornblende or chlorite. 


An inspection of the foregoing analyses is sufficient to prove that these rocks 
belong to the basic group of igneous rocks. In the absence of all information 
as to the chemical composition of the separate minerals composing them, it 
would be impossible to interpret the analyses so as to deduce from them the 
mineralogical composition of the rocks. 

Two different hypotheses may be made respecting these rocks :— 

1st. They may be regarded as proceeding from a different molten rock 
mass from that which produced the granites and felstones of the district. In 
this case their chemical composition is an ultimate fact, and there is nothing 
more to be said respecting it. 

2nd. They may be regarded as metamorphosed granite, i.e. granite con- 
verted into syenitic greenstone by the addition of bases which acted as fluxes. 
If we knew the bases that were added, or their relation to each other, we should 
be able to effect the solution of equations similar to (22), established for the 
Coollattin granite. In the absence of this knowledge, we are driven to use pro- 
bable hypotheses. 

I have already considered two hypothesis (A) and (B), both of which are 
rendered extremely doubtful from our ignorance of the precise nature of the 
rock that was added to the molten granite. On the present occasion I shall use 
a third hypothesis, which is perhaps as improbable as either (A) or (B), but 
which will serve to bring out prominently the real differences between the gra- 
nites of the main chain and the greenstones associated with the felspathic traps. 
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Taste XXI. 


Quantities of Elements to be added to 100 tons of Main Chain Granite, to convert it into Greenstones of 
West Aston, No.1 and No.2; on the hypothesis that the Silica remains unchanged in amount during 
the metamorphism. 


il 2 | 
Tons. Tons. | 
Dilicay Wemme w+ ab etek 0:00 0:00 
INVER 6 AS a el Loney 4:19 
Peroxide ofiron, . .. 5°76 7-5 
Limeset rep be neta: 7:39 4:38 
Mapnesiag a ks 2) 3) "ve 11:29 760 | 
HePotashs quer | samc uratrs | 0-16 =1:32 | 
Vice jarmees -alcgn nen. 1:31 055 | 
| Protoxide of iron, . . . | 3:59 1:69 
PRICGSH Paes: c) ect Ute age cl) 2:02 | 0:20 =| 
| | 
— — ——— | 
NEE OtalMers see rue ae ee SOTO 24-44 | 


It is, of course, improbable that nothing but bases could be added to the 
molten granite, but this supposition will serve to show the striking difference 
between the greenstone and granite. 

The quantity of lime, magnesia, and iron required to convert the one into 
the other is especially remarkable, and it is difficult to imagine: from what 
source these bases can have been derived.. 

On the whole, the relation between the felstones and greenstones, and the 
origin of the latter, are the desiderata of the physical geology of the igneous 
rocks of the district ; and we would suggest the two following points of inquiry 
as being well worthy of the attention of geological observers :— 

ist. The relations, as to relative position, bedding, intrusion, age, &c., of 
the hornblendic and felspathic traps of Wicklow, Wexford, and Waterford. 

2nd. The chemical composition of the stratified rocks adjoining the out- 
bursts of granite and greenstone throughout the same area, with a view to the 
determination of the probable metamorphism of the main chain granite into 
the isolated granites and greenstones by the admixture of such adjoining 
rocks.—S. H. 
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XII.—On the Constants of the Barometric Formule wh'c’ make correct allow- 
ance for the Hygrometrie State of the Atmosphere. By Henry Laws Renny, 
M.RI.A., Lieutenant, Royal Engineers, Retired List. 


Read June 14, 1858. 


IN a paper which I have already submitted to the Royal Irish Academy, and 
which has been published by the Academy, I have given a formula which 
makes correct allowance for the hygrometric state of the atmosphere. In this 
paper I have stated strongly the necessity of a new constant, to be determined 
by a considerable number of observations, hygrometric as well as barometric, 
inasmuch as the constant recommended by Laprace (viz., 18336:0 metres 
= 60158°57 English feet), having been obtained without a systematic and cor- 
rect consideration of the influence of the vapour of the water of the atmosphere, 
must of necessity be erroneous. 

In submitting my former paper to the consideration of the Academy, I was 
aware that such paper, without a new constant, was no nore than a theory prac- 
tically useless ; but as I had reason to believe the theory sound, having studied 
it with very great care, I did not hesitate to submit the formula containing it 
(though incomplete) to the Academy, being aware that at any future period, 
any person acquainted with the subject, and having opportunity to make 
the necessary observations, could with facii.y work out the desired new 
constant. 

Circumstances have enabled me to obtain the new constant, as also much 
valuable information connected with the subject of barometric observations, 
which I have now the honour, very respectfully, to submit to the judgment of 
the Academy. 

When, in my former paper, I stated the necessity of obtaining the new 
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constant by a considerable number of observations, hygrometric as well as baro- 
metric, it was my opinion (an erroneous one) that in this way only such con- 
stant was to be determined. I made arrangements, therefore, early in the year 
1857, for such observations, during my residence at the head of Lake Geneva, 
near to the Castle of Chillon. In a work of this kind the first thing to be done 
was evidently to obtain, by means of accurate spirit-levelling, the heights of 
various stations above a common starting-point, the height of such starting- 
point above the level of the sea being known, if not with the precision obtained 
by spirit-levelling, at all events approximately. Both these objects have been 
attained satisfactorily: the first, by my own personal exertions, working with 
the very best instruments of London manufacture ; the latter, by the labours 
of civil engineers, French and Swiss, who have connected the level of 
Lake Geneva with the level of the sea at the Gulf of Lyons, by accurate spirit- 
levelling. 

My own starting-point was the central one of three iron bars, connected 
with the Limnimetre of Geneva, at the north-west foundation stone of Chillon 
Castle. My highest point is upwards of 1000 English feet above the founda- 
tion stone of Chillon Castle, near to a new hotel, called “ Pension Rigi Vau- 
dois,” immediately above the village Montreux. 

Several intermediate points have been determined by me with peculiar care, 
and connected with the extreme points of the levelling operations. 

It will, I believe, be satisfactory to the Academy to be made acquainted 
with the peculiar helps and facilities which I enjoyed in my labours near 
Montreux. 

I possessed two excellent mountain barometers, made by Mr. Newman, 
Regent-street, London; a wet and dry bulb hygrometer, made by Ronketti, 
Great Russell-street, London ; also a Gravatt level of London manufacture ; 
and I was assisted by M. A. Morlott, ci-devant Professor of Geology at the 
College of Lausanne, a young man of high scientific attainments. He also 
possessed an excellent syphon mountain barometer, together with a wet and 
dry bulb hygrometer, both of Vienna manufacture. 

At the commencement, and for some time afterwards, of the joint labours of 
M. A. Morlott and of myself, I frankly confess I did not entertain much 
hope of being able to make a number of observations sufficiently great to be 
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able to determine the desired new constant as accurately as it was my wish to 
determine it ; when, in examining with care the formula already submitted to 
the Academy, I perceived that as it takes account of every quantity, however 
small, of aqueous vapour which may be formed in the atmosphere, it necessa- 
rily answers for a state of atmosphere in which the vapour of water becomes 
nothing; consequently, the desired new constant must be such as belongs 
to a formula suited to a hypothetic atmosphere consisting of absolutely dry 
air. Now the constant for such a formula is obtainable from the well-known 
equation 
0-76 
= Wed) metres 5 

in which C represents the desired new constant ; 1, the modulus of common 
logarithms ; and D the ratio of the specific gravities of dry air and quicksilver, 
under a pressure of 0°76 metres of quicksilver. For proof of this equation, and 
the mode of obtaining the required new constant, vide Appendix, pp. 658, 
659, and 660. 

The constant obtained in this manner for latitude 45°, at the level of the 
sea, at freezing-point = 18404'9 metres = 60384°6 English feet (vide Appendix, 
page 659). 

It is worthy of notice, that the constant thus determined from the considera- 
tion of the ratio of the specific gravities of dry air and quicksilver, is more cor- 
rect than a constant obtained from any number, however great, of observations 
hygrometric and barometric, because, although by a very great number of obser- 
vations, their unavoidable errors, sometimes over and sometimes under the truth, 
may be neutralized, or rendered for practical purposes insensible ; yet the errors 
which arise from assuming the arithmetic mean of temperatures, given by the 
detached thermometers, to be the real mean temperature of the atmospheric 
column between the stations of observation, cannot be in the least degree dimi- 
nished by any number of observations, however great. It is, moreover, worthy 
of special attention, that without a formula, which makes correct allowance for 
the hygrometric state of the atmosphere, the new constant obtained by means 
of the equation 

= Wis. metres 
MxD ; 
4n2 
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could not be applied in practice; and it is in this point of view that the correct 
formula, already communicated by me to the Academy, is possessed of greatest 
interest. 

Although the labour undertaken by me, in co-operation with M. A. Morlott, 
near Montreux, was in no way necessary for obtaining the new constant, yet I 
do not regret the employment of time on such labour, forasmuch as the obser- 
vations made at Montreux have been very useful in another direction, which 
will appear to the Academy before this paper is concluded. 

In the midst of my work near Montreux, and after I had made use of the 
constant 18404°9 metres (obtained from the consideration of the ratio of the 
specific gravity of dry air to that of quicksilver), in calculating several obser- 
vations made at that place, M. E. PLanramour, Professor of Astronomy at the 
Academy of Geneva, having been apprised by M. Morlott of my efforts to im- 
prove the barometric formula, forwarded to me a copy of his quarto, entitled 
“Resumé des Observations Thermometriques et Barometriques, faites a l’Ob- 
servatoire de Genéve et au Grand-Saint-Bernard, pendant les dix anneés, 
1841 & 1850, suivi de tables Hygrometriques, calculées d’aprés la formule de 
BesseEL, par E. Phrantamour, Professeur d’Astronomie de Genéve.” M. Pran- 
TAMOUR afterwards sent me a second copy for the Royal Irish Academy, which, 
with two other tracts, containing very valuable matter, I have deposited in the 
Library of the Academy. 

The importance of these three tracts in reference to the new constant and 
the new formulx, which make correct allowance for the hygrometric state of 
the atmosphere, can be understood only by such persons as may have time and 
opportunity to peruse them. 

I have now to inform the Academy that the constant which I had obtained 
from the equation 


C= Oia metres, 
x 


making use of the experiments of Reanavtr at Paris, differs from the constant 
obtained by M. E. Pranramour from the same equation by only the tenth 
part of a metre (not more than four English inches): the constant of M. Pran- 
ramour being 18404°8 metres, my own being 184049 metres. The latter 
value, viz., 18404°9 metres, had been employed by me in calculations from 
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my observations, hygrometric and barometric, made near to Montreux, some 
time before I had heard of M. Pranramour or his labours in this depart- 
ment of science, making use of my own formula before I had seen or heard 
anything of Brssex’s formula. It is satisfactory to reflect that, as to results 
of calculation, there is a perfect agreement between those of Brssrt’s for- 
mula and those of my own, although their forms are strikingly different. 
The truth of this statement will appear by-and-by, when we apply them to a 
series of observations, hygrometric and barometric, made during a continuous 
period of ten years, from 1841 to 1850, both years inclusive, by night as well as 
by day, at the Convent of the Great Saint Bernard and Observatory of Geneva. 
This accordance is equally striking when we apply the formule to observations 
made simultaneously at Mont Blanc and the Convent-of Great Saint Bernard, 
and to my own observations made near Montreux in the spring of the year 
1857. 

Before I present to the Academy such results, I desire to state clearly my 
reason for believing that the constant recommended by Larrace, viz., 18336:0 
metres, is altogether too small, and ought to be replaced without hesitation by 
the new constant, 18404°9 metres. In the first place, the height which it gives for 
Convent Saint Bernard above Geneva Observatory is less than the true height, 
ascertained by accurate spirit-levelling, by more than 16:0 metres ; whereas, 
the error by my new constant is little more than 4:0 metres being less than 
error by Lariace’s constant by 12-0 metres. True it is, that part of the error 
of Lartacr’s formula is to be attributed to the fact that the allowance for the 
presence of vapour of water, according to Lapiacr’s unhappy mode of allowing 
for it, is too small by more than 3 metres ; yet, taking this into account, there 
remain 9 metres of error to be accounted for. There can be no doubt, there- 
fore, that the constant is too small, and indeed this can be proved by the very 
mode employed by Lartace in arriving at it. For if we consult the tract, 
entitled “ Sur la detérmination des Hauteurs par le Barometre par Monsieur E. 
PLantTamour” (being one of the two tracts presented by me to the Academy), 
at page 6 we read that Lapuaceg, in the calculation of his constant (viz., 
18336-0 metres), made use of a set of observations, barometric and thermome- 
tric, by Ramonp, in the Pyrenees, made at noon in the fine weather of the 
summer months. 
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Now, it is established by experiments which admit of no controversy, that 
barometric observations made under such circumstances give heights altoge- 
ther too great, and this agrees with statements made by Ramonp himself, who 
tells us, in his second memoir, that at the tops of mountains, as also on the 
plains and in the bottoms of valleys, the barometric observations of the fore- 
noon as of the afternoon give heights so much the less than those made at noon, 
as the moments in which they are made are the more removed from noon. 
Now, as LApLAcr’s constant was calculated from observations made at noon 
in the fine weather of the summer months, which invariably gave heights greater 
than the true heights, if employed in calculations made with a correct constant, 
it follows, as a mathematical certainty, that the constant thus determined must 
be too small; because the error in excess, arising from such observations, is 
caused by the fact that the arithmetic mean of the temperatures, as given by 
the detached thermometers, is greater than the real mean temperature of the 
atmospheric column, situate between the stations of the barometric observation. 
Now, the well-known formula of barometric calculations is 


H=Oxtog qx (141.5), on (O= _— 3 


in which equations, C represents the constant of the formula; # is assumed 
as the correct height of one station above the other ; B, B’ are the true pres- 
sures of the atmosphere ; / is the expansion of air for one degree of tempera- 
ture, and ¢, t’ are the temperatures as given by the detached thermometers. 


ae oul diet 
Now, if in these equations, i 


be too great, it is obvious that C must be too 


small. Thus we have double testimony to induce us to believe the constant of 
Lapace to be too small. 

It is, however, consolatory that in giving up Laprace’s constant, it is to 
make room for another, obtained in a better way, and subject only to such 
small errors as are inseparable from the mode of obtaining the ratio of the 
specific gravity of dry air to that of quicksilver. I have not the least hesita- 
tion in declaring my belief that the new constant, thus obtained, being subject 
only to such error, is very much to be preferred to a constant calculated from 
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even an extremely great number of observations, hygrometric as well as baro- 
metric, because of the error arising from assuming the arithmetic mean of 
temperatures as given by the detached thermometer to be the real mean tem- 
perature of the atmospheric column between the stations of observation. 

For it is to be borne in mind, that this last error in no way resembles the 
unavoidable small errors of observation, which are sometimes above, sometimes 
below the mark, and which errors may be rendered (for practical purposes) 
nearly insensible by using a sufficiently great number of observations. In fact, 
the error connected with the mean temperature of atmosphere,—when observa- 
tions by night as well as by day are made,—have the same sign, being minus 
(-), which has been established as fact by the result of ten years’ observations 
made at the Convent of the Great Saint Bernard and the Observatory of Geneva, 
when compared with the height of the Convent above the Observatory, 
obtained by extremely accurate spirit-levelling. This fact will be pointed out 
to the Academy in a satisfactory manner, before this paper is brought to a 
conclusion. 

I have now to call the attention of the Academy to a small Table, showing 
the heights of the Convent of the Great Saint Bernard above the Observatory 
of Geneva, as calculated by the formula of M. E. Pranramour (which is only 
a variety of Bessex’s formula), as calculated by formula of BrssEx, as calcu- 
lated by my own formula, as calculated by that of LApiacs, as calculated by 
that of Bayry, the same with that of Porsson (this latter being but a modifi- 
cation of Laprace’s). The same Table shows the error of each formula ; also 
the influence of the vapour of water of the atmosphere in adding to the height, 
as calculated from a formula suitable to an hypothetic atmosphere of simple 
dry air. The errors shown in this Table have been obtained by comparing the 
heights, as calculated by the five formule, with the true height, ascertained by 
extremely accurate spirit-levelling.—( Vide tract, entitled “Nivellement du 
Grand-Saint-Bernard, par Messrs. F. Burnmr et E. Pranramour,” being one 
of the tracts which I have presented to the Academy.) 

Let H represent the height of the Convent of the Great Saint Bernard above 
the Observatory of Geneva, as obtained by calculation from the mean of ten 
years’ observations, hygrometric an | barometric, made by night as well as by 
day, at the Convent and at the Observatory, from the year 1841 to 1850, both 
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years inclusive (for such observations vide M. PLanraMmour’s quarto, entitled 
“ Resumé,” &c., &c., pages 8, 21, 29, and 37 ; also pages 51 and 57). 

The true height of the Convent above the Observatory, according to 
extremely accurate spirit-levelling, is 2070°34 metres——( Vide tract, entitled 
“Nivellement du Grand-Saint-Bernard,” page 10, line 13 from the top of the 
page). 

Taste I. 


True Height of Convent above the Observatory =2070°34 metres. 


| Plantamour. Bessel. Renny. Laplace. Bayley. 
Metres. Metres. Metres. Metres. Metres. 
2 Fah iks, emma wer cl WP T0l0) oUt 2066°49 2066°35 2054°89 2055°34 
IETOTS Ite: ver |. aP eke -— 4:30 — 3°85 -3:99 — 15°45 — 15:00 
Increase of height due : . i 3 ‘ 
ec ot wiles } + 5°56 +616 +606 | + 240 | + 2-40 


I have now tostate, that the slight differences between the heights, as cal- 
culated by the formule of PLantamour, of Brssex, and of Renny, as shown in 
the above small Table, arise from the circumstance that these three formule 
do not employ the same value of the elastic force (or tension) of vapour of 
water,—for with the same data of calculation these three formule give the 
same results,—and seeing that the formula of M. PLanramour is only a slight 
variation of that of Brssex, having a different value of the elastic force of vapour 
of water, I shall not take the trouble of bringing it forward again, or applying 
it to any other observations which may be hereafter noticed in this paper. 
I have now to direct attention to the application of the four formulz given 
above to the calculated height of Mont Blanc above the Convent of the Great 
Saint Bernard, obtained from observations, hygrometric as well as barometric, 
made by Messrs. Bravars and Marris during their ascent of Mont Blane, 
29th August, 1844, compared with observations made at the Convent.—(For the 
observations made by Messrs. Bravais and Martins, vide quarto, entitled 
“Resumé,” &e., &e., page 70.) 

The height of Mont Blanc above the Convent has not been ascertained 
either by spirit-levelling, or by the less accurate method of geodetic operations. 
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The importance of the following small Table, which gives the results of the 
application of the four formule to Mont Blanc and the Convent of Saint Bernard, 
consists in its pointing out the harmony between the workings of BrssEr’s for- 
mula and of my own. It also shows in a striking manner the peculiar defect 
of the formula of Lartace, as also that by Bayzey, in making allowance for 
the hygrometric state of the atmosphere, when the mean temperature, as given 
by the detached thermometers, is below the freezing-point, which was the case 
during the ascent of Mont Blanc by Messrs. Bravais and Martins. 

The respective heights of Mont Blanc above the Convent of the Great Saint 
Bernard, as obtained by the four formulz, from observations by Bravais and 
Martins, compared with observations made at the Convent, are as follow :— 


Taste II. 
| | | 
Bessel. | Renny. Laplace. Bayley. 
| Metres. | Metres. | Metres. Metres. 
FEET >| 2339-2 | 2339°0 2324-7 2323°5 
Increase of height due aM | oa | 


to vapour of water, Sl +50 | 70s +06 


By this Table it appears that Lariacr’s formula diminishes height in mak- 
ing allowance for influence of vapour of water of the atmosphere, whereas 
the real operation of the action of vapour of water is of quite an opposite 
character. 

I have now to bring before the Academy a subject of great importance, viz. : 
—The horary correction, without which the calculations for height, made by 
help of the most correct formule, from even an extremely great number of 
observations, hygrometric as well as barometric, are subject to very serious 
errors indeed. 

In the tract, entitled “ Sur la Determination des Hauteurs,” &c., M. PLanta- 
mour has given a small table of horary corrections for every second hour of the 
four seasons (viz., Winter, Spring, Summer, and Autumn). But inasmuch as 
M. Pranramour knew not the correct height of the Convent Saint Bernard 
above the Observatory of Geneva, as since ascertained by accurate spirit-level- 
jing, and seeing that M. PLanramovr has calculated his small table of horary 
corrections from incorrect data, this praiseworthy attempt of M. Prayta- 
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MouR to accomplish a peculiarly important object must be set aside as 
defective. This brings me to a table of horary corrections calculated by 
myself, with data extremely correct, for every hour (night as well as day) of 
every month of the year. My method of calculating this Table is the follow- 
ing :—With my own correct formula and constant, obtained by the considera- 
tion of the ratio of specific gravities of dry air and quicksilver, I made no less 
than two hundred and eighty-eight distinct calculations for every hour, night 
and day, of every month of the year, from the data supplied by M. Pranta- 
MouR’s quarto, entitled “Resumé” (vide pages 8, 21, 29, 37, 51, and 57). 
Then subtracting each calculated height from the true height, as ascertained by 
accurate spirit-levelling, viz., 2070°34 metres (vide tract, “ Nivellement du 
Grand-Saint-Bernard”), the error of each calculated height is known. Such 
error, being divided by the calculated height, gives the horary correction—for 
if such horary correction be multiplied by the calculated height, we necessarily 
have the difference of calculated and true height; and such difference being 
added to, or subtracted from the calculated height, according to the sign of the 
horary correction, necessarily gives the true height. Thus, as unity is to unity, 
plus or minus the horary correction, so is the calculated height (given by for- 
mula) to the true height. I have added to the horary correction, in Table 
X., the arithmetic means of temperatures, as given by the detached thermo- 
meters, which may be found in the quarto, entitled “ Resumé,” &c., at pages 
8 and 29; and by inspection of this Table many striking peculiarities may 
be seen connecting these means and the errors of calculated heights, some of 
which, having important bearings on the subject of the present paper, I pro- 
ceed to notice. By inspection of the said Table of horary corrections and means 
of temperatures, it appears that the greatest horary corrections, having the 
minus sign (—), which indicate the greatest errors in excess of calculated heights, 
take place at one hour p.m.; and that for some months the highest tempera- 
tures take place at the same hour, but that for other months the greatest heat 
takes place at 2 P. M. 

It also appears that the greatest errors of calculated heights, in defect, take 
place after midnight, between 2 and 5 o'clock, and that the connexion between 
greatest errors in defect and lowest temperatures, occurring during night-time, 
is by no means so close as the connexion between the greatest errors in excess 
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and highest temperatures occurring during the day-time. It also appears by 
inspection, that the very greatest error of calculated height takes place at one 
hour p.m. of the month of July ; this error amounts to 31:14 metres, as may 
be ascertained by an easy calculation with the data of the Table. The greatest 
error, in defect, of the entire year takes place in December at five hours after 
midnight, and amounts to 26°88 metres. The error in defect of the month of 
July, which takes place from two to three hours after midnight, amounts to 
16°7 metres, little more than one-half of the error in excess during the greatest 
heat of the day of the same month. 

This Table also tells us that the horary corrections vary more between the 
hours of any given month than between the corresponding hours of two con- 
secutive months. It also shows us that the errors in excess are individually 
greater than errors in defect, although the sum of errors in excess is less than sum 
of errors in defect, which is evident from the fact that the height of the Con- 
vent above the Observatory, as calculated from the mean of ten years’ observations, 
by night as by day, is less than true height by nearly 4 metres (vide Table I. 
of this Paper, page 630). It also appears by inspection, that the errors are 
greatest near 1 o’clock p.m. of summer months, consequently, such moments 
are the most unfavourable for observations wherewith to calculate a constant; 
yet these are the moments chosen by Laprace in the calculation of his con- 
stant. Doubtless, by careful inspection, other useful facts may be elicited from 
this Table: one, however, of peculiar importance remains to be noticed, and 
the attention of the Academy is particularly invited to it. 

Whereas we find calculated heights to be in excess during day-time, and 
in defect during night-time, there must be moments when the errors of such 
calculated heights are reduced to zero. Such are, obviously, the moments 
most favourable for barometric observations, and they are indicated by changes 
of sign from plus to minus, or from minus to plus. 

By inspection of the large Table, I have ascertained the moments when the 
horary corrections vanish, which are given in the small Table which I here 
subjoin. Before I produce this small Table, I have to remark that the months 
of January and November have but one such moment; that December has no 
moment whatever when the horary correction = 0, all the calculated heights 
for this month being in defect, as indicated by the fact that all the horary 
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corrections of this monthhave the sign plus (+) ; that the remaining nine months, 
from February to October inclusive, have (each of them) two moments when 
the horary corrections vanish. 


Tasue III. 


Showing the Moments of the Forenoon and Afternoon, when the Horary Corrections vanish. Horary 
Correction = 0. 


| A. M. | P. M. 
H. M. H. M. 
January, SHI 10 ea ee has but one moment when horary 
correction vanishes. 
February, . 10 0 4 0 
March, . 8 30 6 0 
April, 7 20 To 
May, 6 48 7 15 
June, 6 30 8 0 
July, 6 30 8 35 
August, a 38 8 0 
September, 8 15 6 20 
October, 9 20 4 27 
November 0 10 November, as January, has but one moment 
when horary correction vanishes, = 0. 
December has no moment that the horary 
Mecember:cacu| ese ehcp cues correction vanishes, all the calculated 
heights for December being in defect. 


The above small Table shows that from February to October inclusive, 
each month having two moments when the horary correction vanishes, such 
moments are nearly equally distant from 1 o'clock, Pp. m., when the errors in 
excess are greatest ; also, that such moments are near to sunset, and to two 
hours from sunrise. It is, however, important to know that the time near 
sunset is more favourable for barometric observations than that of the forenoon. 
For, in examining the large Table of horary corrections, it appears that the 
corrections vary more rapidly in the forenoon than in the afternoon, near to 
the time when the horary corrections disappear. From these facts we learn 
that in making use of the new formula we require a Table of horary corrections, 
and that, when no such Table is to be had, we should be careful to make 
observations near to sunset, or to about two hours after sunrise. 
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Having thus proved by well-ascertained facts the serious errors to which 
barometric calculations are subject, even in employing the most approved for- 
mul, I have to remark that Tables of horary corrections, in the nature of 
things, have only a local application. Were proof of this required, we have it 
in the tract, “Sur le Nivellement du Grand-Saint-Bernard,” at pages 11 and 12. 
M. Pranramour states that, having applied his small Table of horary 
corrections to two sets of barometric and hygrometric observations made by 
himself, in the valley which connects Martigny with the Convent of Saint 
Bernard, the use of his Table did good service as to one set of observations, 
but when applied to the other, actually introduced error equal in quantity to 
that of the horary correction. 

It follows from this fact, that the large Table prepared by me is only good 
for the stations which have furnished the observations from which it has been 
calculated, namely, the Convent of the Great Saint Bernard and the Obser- 
vatory of Geneva. £n attendant, a sound local Table for the locality of Dublin 
and for other districts, I see nothing better to be done than to employ Baytry’s 
formula for observations made near to noon of the summer months; and for 
other periods of the year to employ my own formula, or that of Brssrx, with 
the best Table of horary corrections which can be had; and when no table of 
corrections, trustworthy, is forthcoming, then to be careful to work with 
observations made near to sunset, or to two hours after sunrise. For, in employ- 
ing Baytxy’s formula at such times, it virtually contains the horary correction. 
As to observations made near to sunset, or two hours after sunrise, my own 
formula contains implicitly the horary corrections, which vanish at such 
moments. Jam now desirous to state to the Academy, in words as few as 
possible, the peculiar difference in form of the formula of Brssrr, and of my 
own, already published by the Academy. 

Every one acquainted with barometric formule knows that such formula 


may be represented by H=Vx log = I now speak of formule which make no 


correct allowance for the hygrometric state of the atmosphere, and, therefore, I 
make exception of the formula of Brssrn and of my own. 


In this equation, viz., H=N x log RB H indicates the height of one station 
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of observation above the other ; B and B’ indicate the barometric pressures, 
fully and completely corrected; and W indicates the product of various factors 
relating to latitude, to mean temperature, &c., &e. 

Now, if reference be made to my former paper, it will appear that my own 
formula, in making correct provision for the hygrometric state of the atmo- 
sphere, differs only from formule in previous use by replacing in such formula 
B-3V/(ff) 
B-3v (Hf) 


to the formula of Brssrx, we find he replaces the expression log eS by the 
) Pp BR OY 


, B , 
the expression log = by the expression log 


SB Now, in reference 


expression < GF) x log so that if both these new formule be sound, 


8 


/ BB 
we ought to have equality between the expressions, 
B-3/ (ff u 5 
log eat , and ww) x log Rr 
/ BB 

Now, let any one employ even extreme values of BB’, and 3\/( ff’) in these 
expressions, and he will find the difference practically insensible ; for instance, 
in making use of the mean of the ten years’ observations, hygrometric and baro- 
metric, made at the Convent of Saint Bernard and Observatory of Geneva, the 
heights calculated, according to Brsset’s formula and my own, differ only by 
the hundreth part of a metre ; the heights by Busse being 206636 metres, and 
by my own formula being 2066-35 metres ; as to correctness, therefore, the one 
formula is as good as the other, but as to facility of calculation, mere inspection 
points out the superiority of the one over the other. There is, moreover, this 
peculiar difference between the two formule, that the differential equation, the 
integration of which has produced my formula (vide former paper) is mathe- 
matically correct, so that whenever the laws of the variation of atmospheric 
temperature and of the elastic forces of the vapour of water shall be ascer- 
tained exactly by experiment, we shall have, by a simple employment of the 
well-known rules of the integral calculus, a formula for barometric observations 
mathematically correct also. With respect to the formula of BrssEt, it is only a 
close approximation to truth, without being mathematically and strictly cor- 
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rect. This peculiarity of my own formula is but of little value if it give more 
trouble in actual calculations ; but as my formula is more simple in its working, 
its mathematical correctness is an additional recommendation of it. 

I have to observe that the expression 2./( f/f’), which may be designated 
the hygrometric element, and which I have expressed, for sake of simplicity, by 
the character 6 in the formule which I have given in the last pages of this 
paper, differs (but insensibly) from the corresponding hygrometric element 
25610 
67407 
employ the character 6’ (delta aspirated), for sake of simplicity, to designate the 
25610 
67407 
6=0’, and that the one may, therefore, be employed indifferently for the other. 

I have also given in the Appendix Brssex’s equation for calculating the 
elastic forces of vapour of water for the temperatures corresponding to such 
forces, and I have found such equation of BessEL to give results very nearly 
the same as those I have obtained from the Tables of Dr. AnpErsov, calculated 
from experiments of Datron and Ure; the agreement is shown in the 
Appendix. 

As the purport of this paper is not to explain the peculiarities of Brssr1’s 
formula, I have to state that any one anxious to see it in full may do so by 
consulting M. Pranramour’s quarto, “Resumé,” at pp. 63, 64, 65, 66, and 
67. M. Pranramour found it so obscure and different from other formule in 
general use, that he has devoted several pages in transforming it, and I frankly 
confess that, even thus transformed, it appears to me still very complicated. I 
have also taken the trouble to give it a form which may be found in the last 
pages of this Paper, and such form, I hope, will appear to the Academy suffi- 
ciently simple for the actual work of calculation. Nevertheless, though thus 
simplified, I can confidently pronounce it inferior, as to facility of calculation, 
to my own, which requires only, in addition to the labour of the old formule, 
the simple subtraction of the hygrometric element, 6= 2,/(/7’) from the cor- 
rected barometric pressures. 

Having now enlarged on the importance, and, I ought to say, the indispen- 
sable necessity of a sound Table of local horary corrections, in order to secure the 


of Brsset’s formula, which is al’;. In the last pages of this paper I 


quantity aF,; and in the Appendix I prove that for practical purposes 
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full benefit of the new formule, I have now to make known to the Academy, 
that, even with the help of such Table and new formule, I have reason to believe 
that the method of calculating heights by means of the barometer, hygrometer, 
and thermometer, is still subject to serious error. 

A scientific periodical published at Geneva, under the direction of M. E. 
PLANTAMOUR, containing observations hygrometric, barometric, and thermome- 
tric, made at the Convent of the Great Saint Bernard and Observatory of 
Geneva, for the month of September of the year 1855, for every second hour 
between six hours A.M., and ten hours Pp. m., both inclusive, fell accidentally 
under my inspection, and I lost no time in making calculations with my own 
formula for the height of the Convent above the Observatory for such moments 
of the forenoon and afternoon as, according to the large Table of horary cor- 
rections, give the horary corrections =0. Having done this, I was sadly disap- 
pointed at finding the calculated height to be nearly 12 metres different from 
the true height. 

I wrote immediately to M. A. Morlott, residing at the time at Lausanne, 
requesting him to send me the observations for every month of the year 1856, 
extracted from the same scientific periodical; M. Morlott lost no time in 
kindly meeting my wishes. 

With the observations for every month (as well as that of September) of 
the year 1855, I made calculations for the height of the Convent above the 
Observatory, at the moments when, according to large Table of horary cor- 
rections, the corrections vanish. ‘The mean results of such calculations give 
very nearly the same error as the calculations for the month of September, viz., 
twelve metres. But, though disappointed, I did not feel any, the least, distrust 
in the new formula, being aware that the discrepancy can be explained by the 
mistake of assuming the arithmetic mean of temperatures as the true mean, 
which may sometimes be the case, but more often is not so. With respect to 
such mistake, the new formula is in no way responsible for it. That which the 
new formula proposed to do, it has done,—namely, to introduce a correct allow- 
ance for hygrometric action, with a correct constant. Of three distinct defects 
of the old formula two have been removed ; one still remains, and to obviate 
its unhappy workings, we must look to Tables of horary corrections. The 
results above alluded to are given in the following Table :— 
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TaB_e IV. 


Snowine the Errors of Heights of Convent of Saint Bernard above Observatory of Geneva, calculated 
Srom Observations made when, according to large Table of Horary Correction, the Horary Cor- 
rections vanish. The calculated Heights are less than true Heights (= 2070°34 Metres). 


| A.M. | Errors. | P.M. | Errors. 
. SS | oe | 
H M | Metres |) H. M. | Metres. 
January, Be Bo) ipl heck oll te aan) 76 | One moment only, 
February, . /10 0 1404 | 4 0 13:44 | 
March, . 830 | 17:24 || 6 0 | 891 | 
April, = ab beeen herr a Nie phe Dal ie) 7:09 | 
Maye a eee nl ian AOLAS) 1000 | 7 15 14-82 
Mew GHG Gaon) NAS4 ll Sn lOGNs 1326 
July, ae 6 30 | 1663 || 885. | 12:53 
AUPUSi). thn 7 8 LOS ees 0 9:05 
September,. 2 Sse) 62 6 20 11-05 
October, . - . . .| 920.! 1991 | 427 | 1855 | 
| RIGO Miu tS eel) atie ical iis may held 17°84 | One moment only. | 
Decemberns <4) ss) 2 | | . . . |. + . | No moment whatever. | 
! 
| Mean of nine months, | . : Mean of nine months, Fe- | 
| February to October. f ’ | a | ee eens bruary to October. 


Every person who may inspect the foregoing small Table will doubtless be 
surprised at perceiving, that although the mean of errors for the nine months 
between February and October (both inclusive), for the forenoon and after- 
noon, are very nearly equal (the one being 127106 metres, the other being 
12-100 metres), yet the errors for different months are strikingly different: for 
instance, the error of the month April of the forenoon is only 4:21 metres, but the 
corresponding error of the month October is as much as 19°91 metres. How- 
ever, the errors of forenoon and afternoon are for the same month nearly equal. 
Now it is to be remarked, that according to the Table of Horary Corrections, 
I had reason to expect such errors to be little removed from nothing. Great, 
therefore, was my disappointment. Yet there is this consolation in such dis- 
appointment, that had the formula of Larracs, or any other derived from La- 
PLACE’s (such as BayLEy’s or Polsson’s), been employed instead of my own 
formula, the errors had been double of the actual errors, as given in the small 
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Table IV., so that although the Table of Horary Corrections meet not our 
wishes, nor even our expectations, it diminishes (by one half) the errors 
of the other formule. Therefore, let us not despond,—all we desire has 
not been realized, but considerable improvement has been made, and by dili- 
gence and zeal more may hereafter be done. The defect of the formula which 
now remains to be remedied is brought within small compass, and is simply the 
error occasioned by assuming an incorrect value of the real mean temperature 
of the atmospheric column between the stations of observations. Time only 
can tell if any considerable improvement be possible in reference to mean tem- 
perature errors, but these, if not removable by positive improvements in the for- 
mula itself, may be rendered for practical purposes comparatively innoxious, by 
sound tables of local horary correction ; and in the formation of such tables the 
new formula, with new constants, will give, I believe, very important assistance. 

I have now to bring forward the new formule contrasted with the old 
ones, as applied to the joint labours of M. A. Morlott and myself, near Mon- 
treux, the same appearing in four small Tables:— 

Table V. shows the dates of observations, the calculated heights according 
to four principal formule, and the true height by actual spirit-levellings ; these 
heights in Table V. have not as yet received the horary corrections. 

Table VI. gives the calculated heights after the application of horary correc- 
tion, as given by my large Table. 

Table VII. gives the errors of heights as calculated by the four formule, 
after the application of horary corrections. And— 

Table VIII. gives the influence of vapour of water of the atmosphere in 
increasing the height, such as may be obtained by employing a formula suited 
to a hypothetic atmosphere of dry air. 

As the four heights, for which there are five observations (one of them 
being determined by a double set of observations) are unknown to the Academy, 
I shall designate them by the characters A, B, C, and D. 


i —— 
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TaBe V. 


Suowine the True Heights by Spirit-level ; also the Calculated Heights, before the application of Horary 
Corrections. 


Months. P. M. Bessel, Renny. | Laplace. | Bayley. aaa 
1857. H. M. |English Feet.| English Feet. English Feet.| English Feet.| English Feet. 
A April 29, Lets. ||) F431 143% 142°6 142°6 : 
A ” 6 30 136°3 1364 135°7 135°7 136°0 
B 3 4 0 8916 891'8 887-6 888-0 879°5 
Cc a 4 0 1029°5 | 10295 | 1024-6 | 1025-0 10155 
De | May 2. 330 | 9129 9129 909'1 909°4 901:0 
TaBue VI. 
Suowine Heights after receiving Horary Corrections. 
Months, P.M. Bessel, Renny. Raa 
1857. IL M. | English Feet. English Feet. English Feet. 
A April 29, Lee Tse] 141°3 141°5 fl 
A Ss 6 30 | 136:1 136-2 136°0 
B FS 4 0 | 884-6 8848 8795 
Cc 53 4» Oy | 1021-3 1021°3 1015°5 
D May 6 3 30 904:7 904:7 901-0 
Tae VII. 


Suowine the Errors of Calculated Heights, after receiving Horary Corrections. 


Months. Ms. Bessel. Renny. Laplace. | Bayley. prpiciy 

1857. ea Me English Feet. | English Feet. | English Feet. | English Feet. | English Feet. 
A | April 29, 1 15 5°3 55 66 66 136°0 
A or 6 30 O01 0-2 03 03 136°0 
B 5 4 0 ol 5°3 8-1 85 879°5 
Cc ‘5 4 0 58 58 91 9°5 1015°5 
C | May 2, 3 30 3-7 a 81 8-4 901-0 
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Tasue VIII. 


Suowne the Increase of Height due to the Influence of the Vapour of Water of the Atmosphere, such 
Increase being the Difference of Calculations made upon Supposition of the Atmosphere consisting of 
simple Dry Air, and of the Atmosphere being (as it is) impregnated with Vapour of Water. 


j 


Increase of Height by influence of Vapour of Water. 
- ——_———— True Height by | 
| | Spirit-levelling. 
| Bessel. Renny. Laplace. | Bayley. | Siar. 
| | | Luge 
i | 
| Sod aa | oe a | English Feet. | English Feet | English Feet. 
A | “34 0°34 136°0 
B. | 2:80 | 282 [16S RP Gele Br 9'5 
| C | 3°60 | 3°60 | 1-90 1:90 | 1015°5 
ee 3°40 | 3-40 | 2:21 2°21 901-0 


I have in the first place to remark, that according to Table VIL, the error 
of height, A, is 5:5 feet by one observation, and only 0-2 feet by the second 
observation for same height. As the true height of A is only 136-0 feet, the 
error of the first observation cannot possibly be attributed to the incorrectness 
of the horary correction; therefore, it must be considered error of observation ; 
and in reference to the heights B, C, and D of the same Table, the errors are 
nearly the same as the error of A; therefore, the errors of B, C, D are not 
beyond the possible errors of observation. But forasmuch as every calculated 
height near to Montreux is greater than the true heights by spirit-levelling, I 
am persuaded that the corrections applied to such calculated heights are too 
small, and this was to be expected from the locality of Montreux, a village 
renowned for the mildness and warmth of its climate. 

I have in the second place to remark, that the errors connected with the 
formule of Lapuace and of Baytry, as shown in Table VII., are obviously 
greater than the unavoidable errors of observation. 

I have next to request the particular attention of the Academy to a pro- 
posal, on my part, of a formula having a peculiar constant, which shall dispense 
with hyyrometric observations and hygrometric calculations on ordinary occa- 
sions; and yet shall make provision sufficiently correct for the hygrometric 
state of the atmosphere. 

Before I do so, I have to correct a mistake made by me in my former paper, 
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relative to the recommendation of Porsson to increase the constant of LAPLACE 
by 57 metres, in order to remove from the right-hand side of the formula the 
unknown quantity z, being the required height of one station of observation 
above the other. The mistake to which I allude is this: I expressed my belief 
that the recommendation of Poisson was not good, because it occasioned errors 
greater than the unavoidable errors of observations,—in extreme cases it does 
so, but more often it does not. I now believe Porsson’s advice to be good, for 
I have ascertained that in omitting the unknown quantity (or height) z, from 
the right-hand side of the formula applied to the height of the Convent of Saint 
Bernard above the Observatory of Geneva, an error of 6-17 metres in defect 
is occasioned, and that by increasing the constant of the formula by 57 metres, 
according to Porsson’s recommendation, there is an increase of height to the 
amount of 6°39 metres,—the difference of 639 and 6:17 (being only 0-22 
metres) is the total error caused by Porsson’s recommendation. This error of 
0:22 metres (less than 9-0 English inches), in a height of 2070-34 metres, is 
very much less than the errors of observation. 

Moreover, in reference to the height C, viz., 1015-5 English feet, near 
Montreux, the error caused by Porsson’s recommendation is only 0:36 Eng- 
lish feet, being much less than the unavoidable error of observation. In gene- 
ral, therefore, Porsson’s recommendation is excellent, seeing that it very much 
simplifies the calculations for height by the barometer. But the recommenda- 
tion is not to be followed when the lower station is very much elevated above 
the level of the sea, such as the height of the Convent of Saint Bernard compared 
with the height of Mont Blanc. In such instances, when the height of the 
lower station (as the convent) is upwards of 8000 English feet above the level 
of the sea, the recommendation of Porsson is not applicable. But in the 
British Isles, and even in most parts of Switzerland, the recommendation should 
be followed. I purpose, in the formula which I am now about to propose, to 
combine Porsson’s useful recommendation with my own contrivance, thereby 
producing a formula extremely simple, and which makes correct allowance for 
the hygrometric state of the atmosphere on ordinary occasions. My method is 


as follows :— 


P 0-76 ; ; 
I calculate a constant from the equation C’= Mx py Metres, in which D’ 
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represents the ratio of the specific gravity, not of dry air, but of an union of 
dry air with vapour of water, having the elastic force belonging to the freezing- 
point, to that of quicksilver, in a manner analogous to that of obtaining 
the constant, 18404°9 metres of my principal formula, from the equation 
076 
C= TxD 
culating it is given in the Appendix, pp. 559 and 660. Now, following Porsson’s 
recommendation of adding 57 metres, in order to remove z from the right- 
hand side of the formula, with a view to simplicity, we have, for the new value 
of C’, 18508°5 metres. But this last constant, viz., 18508°5 metres, supposes 
the air to be in a state of saturation with vapour of water, which is seldom if-ever 
the case. We have, therefore, to make a suitable deduction in consequence of 
the fraction of saturation, generally (if not always) accompanying the barome- 
tric observations. In order to do so, let us refer to Table I. of page 630, 
where we find that the increase in the calculated height of the Convent of Saint 
Bernard above the Observatory of Geneva, due to vapour of water in the atmo- 
sphere, amounts to 6-00 metres, very nearly. But it appears, in referring to 
M. Pranramour’s quarto, entitled “ Resumé,” &c., &c., at page 51, that the 
mean fraction of saturation for heights, calculated in Table I. of page 630 of 
this paper, is 0°8; if, therefore, the decimal fraction 0°8 cause an increase of 
height = 6:00 metres, we should have an increase of 7:5 metres, if the atmos- 
phere were in a state of saturation represented by unity, the difference between 
7'5 and 6-0 being 1:5 metres, shows the diminution to be made on total height, 
in consequence of the fraction of saturation; but 1:5 being compared with the 
total height, 2066-35, gives a fraction +4,, for suitable reduction of the constant 
last obtained, in order to obtain correct allowance for fraction of saturation. 
The same kind of reasoning being employed in reference to my observations 
near Montreux, gives for diminution of constant the fraction 5}, nearly, being 
greater than the first fraction +155, because of the greater temperature of obser- 
vations near to Montreux. I propose, as a medium between these iwo values, 
the fraction +,4,5, which is simple, and easily anplied; therefore, taking the one- 
thousandth part of 18508°5 metres, viz., 18-5 metres ; and subtracting the same, 
we have for the final value of constant C’ = 18490'0 metres = 60664°0 English 
feet, very nearly. 


metres. The new constant C’ = 18451°5 metres. The manner of cal- 
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I will now give the proposed modified formula, with its peculiar constant. 

Let z be the required height of one station of observation above the other. 

Let ¢ be the mean latitude of the stations of observation. 

Let 7, 7’ be temperatures (Centigrade) of atmosphere given by detached 
thermometer. 


Let ¢, t/ be temperatures (Fahrenheit) of atmosphere given by detached 
thermometer. 


Let 7, 7” be temperatures (Centigrade) of quicksilver given by attached 
thermometer. 


Let J, J’ be temperatures (Fahrenheit) of quicksilver given by attached 
thermometer. 


Let £, p’ be observed barometric pressures, not corrected for anything. 
Let H. C. indicate horary corrections. 


Centigrade Fornwla. 


/ 
140004 4" | 
Metres. 2 
z = 18490:0 {1+ 0:002695.. cos 2p} and x 
T+T | 


[1+ 00085 ~~ | 


p 
x log Bp’. } 1+0:00018.(7— /EAY' +(H. C.) 


Fahrenheit Formula. 


f +0-002299 (- 32)] 
Eng. ft. 
z = 60664-0 {1+ 0:002695.. cos 26} | and x 


1+ 0-002 (+ 3 32) 


B 
xe log o. {1+0-0001 : (P= sips EC. ). 


The multipliers 0:0035 and 0:002 must be employed in place of 0:004 and 
00022222, &c., whenever the mean temperature of atmosphere, as given by the 
detached thermometers, may be below the freezing-point ; but I have to remark, 


646 Lieutenant Renny on the Constants of 


that the decimal 0-002 is a very little greater than the value of Fahrenheit, 
which corresponds to 0:0035 of the Centigrade thermometer; such value is 
00019444, &c., but by employing in place of this last value (for sake of simpli- 
city) the fraction 0-002, no sensible error is occasioned. I have also to remark, 
that I have retained the increased value 0-004 instead of 0:00375 for expansion 
of air, according to LapLacr’s recommendation for temperatures above the 
freezing-point, having modified it for temperatures below it. 

This formula is peculiarly simple ; let us now test its accuracy by compar- 
ing its results with those of the complete formula already submitted to the 
Academy, and published in its Transactions. 


Tasie IX. 


Suowine the Results of Formula (now for the first time brought before the notice of the Academy), com- 
pared with those of the Correct Formula already before the Academy). 


Let, as before, 7 indicate the height of Convent Saint Bernard above Observatory of Geneva 
(Vide, page 630 of this paper). 

Let, also, the heights near Montreux, as before, be designated A, B, C, and D (vide page 641 
of this Paper). 


Heights. 


Renny’s complete 
Formula, already 


Renny’s modified 
Formula, now for 


Errors of modified 


before the first time submitted Formula. 
Academy. to the Academy. ! 
Metres. Metres. Metres. 
vie 2066°35 2066-08 0:27 
English Feet. English Feet. English Feet. 

A 143°3 143-4 01 
A 136°4 136-7 03 
B 891°8 892-7 09 
Cc 10295 1030°3 08 
D 912°9 914-2 13 


The column of errors of this last small Table gives results very gratifying 
indeed : the maximum error belonging to height, D, is still very much less 
than the unavoidable errors of observation. 

It is, therefore, with confidence in its correct working, that I recommend 
this modified formula to the favourable consideration of the Academy. 
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I have, however, to protest against the employment of it, or of the more 
correct one already published, without the aid and co-operation of a reliable 
table of horary corrections, excepting at moments of the day near to sunset, or 
two hours after sunrise, when the horary corrections, if they do not vanish 
altogether, are comparatively but small. 

In reference to BayteEy’s formula (as simple in form as that which I have 
now just described), I have to remark, that in the absence of a correct table of 
horary corrections, I advise the employment of it for observations made near 
noon of the summer months; because under such circumstances it contains 
implicitly the horary corrections. It is, in fact, the formula of Potsson, suited 
to the Fahrenheit thermometer and English measure, which has been obtained 
from Lapiacr’s formula, of which the constant has been determined, as already 
stated, from observations of RAmMonp, made in the Pyrenees near noon of the 
summer months. 

I now produce Bayzey’s formula in juxtaposition with my own modified 
formula, for sake of comparison. 


Baytey’s Mormula—Fahrenheit Thermometer. 


z= 60345°6 Eng. fi. {1 + 0002695 cos 2¢| i +0/002222 (= a 32) 


B 
x log yyT4 00001 G3} 


The following is my own modified formula, which makes correct provision 
for the hygrometric state of the atmosphere, also for temperatures below the 
freezing-point, in which respect the formula of Bayury is seriously faulty:— 


1+0-0022222 (F s 32) | 
z = 60664-0 Eng. ft. {1+ 0-002695 cos 26} ana 
ete 
9 
140-002 ( ; ) | 


B 
los e+ 00001 G9) * (HC). 
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I have retained in my formula the values of the coefficients of the arith- 
metic mean of temperatures, given by detached thermometers, as recommended 
by Lapxace, for temperatures above the freezing-point ; but, as a matter of 
course, I have added a diminished multiplier for temperatures below the 
freezing-point. 

In conclusion, I hope I may say, with confidence, and without presumption, 
that the questions of the new constant, and of the action of the vapour of water 
as affecting barometric calculations, need no further consideration. Of course, 
if hereafter the ratio of the specific gravity of dry air to that of quicksilver be 
more accurately determined by experiment than at present, the constant of my 
correct formula will be thereby improved ; and, if also a more correct expres- 
sion of the expansion of air, under increase of temperature, a corresponding 
improvement will thereby be obtained ; but small indeed will be such improve- 
ments compared to those which will result from the employment of correct 
tables of horary correction, or from a more correct method than the present one 
of estimating the mean temperature of the atmospheric column between the 
stations of barometric observations. To these particular objects all attention 
ought now to be directed, for here at present is the weak side of barometric 
levelling. To obtain these objects, too many hands cannot be employed in 
making observations,—hygrometric, barometric, and thermometric,—the results 
of which, being compared with heights accurately determined by spirit-levelling, 
may furnish data for such purpose. 

But such will require time ; when, however, a considerable number of 
correct local tables of horary correction shall be produced, by a careful compa- 
rison of the same, it is not improbable that general tables may be formed, which 
shall be applicable to extensive portions of the Earth’s surface, and by happy 
combinations of the logarithms of horary corrections with the logarithms of the 
other coefficients of the formula, methods of calculation may be contrived, 
which will give, with little trouble, beyond that of inspection, approximate and 
closely approximate values of the height of stations of barometric observations 
one above the other. 

Having now fairly exhausted my subject, I will only add a slight summary 
of what I have already stated in detail. 

The mode adopted by Laplace of making allowance for the hygrometric 
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state of the atmosphere, confessedly erroneous as to temperatures below the 
freezing-point, has been shown to be erroneous for temperatures also above the 
freezing-point. The constant recommended by Lartaces has been proved to be 
too small, and has been replaced by a constant obtained by the consideration 
of the ratio of the specific gravity of dry air to that of quicksilver, and the con- 
stant thus obtained is necessarily more correct than a constant obtained by 
means of observations, however numerous, barometric, hygrometric, and ther- 
mometric. This better way of obtaining the constant has been rendered 
available by the peculiarities of the new formula, and it is in this point of view 
that the new formula is so peculiarly valuable. 

The indispensable necessity of tables of horary correction, in order to 
obviate the mean temperature errors, is placed beyond the possibility of con- 
troversy, and the importance of the new formula as a valuable help to work 
out hereafter such tables has been made apparent. 

But we are warned by the facts of this paper, that with even the assistance 
of a sound table of local horary corrections, we are not to expect exemption 
from serious error on all occasions ; it is, however, satisfactory to know that 
where error be not altogether excluded, it is diminished at least one-half by the 
working of the new system. 

Moreover, the heights calculated by the new formula agree in a very satis- 
factory manner with the working of a formula of the same kind given by Brsset, 
in use on the Continent. Its superiority to that of BrssrL appears by simple 
inspection. But forasmuch as the trouble of making hygrometric observations 
is not small, and as the advantage of such trouble on ordinary occasions is not 
great, in order to dispense with such trouble I have given a peculiar formula, 
peculiarly simple, which on ordinary occasions renders hygrometric observations 
unnecessary, and yet makes provision sufficiently correct for the hygrometric 
state of the atmosphere. 


4Q2 
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Taste X., showing the Mean Temperatures (Centigrade Thermometer) and Corresponding Horary Corre 
during ten years, from th 


(r) indicates Temperature of Air at Lower Station; (7’) that of Upper Station. The tempe 


JANUARY. FEBRUARY. Marcu. APRIL. May. 
Hours. 
panel Gates t=) Cameco — see — correction. ct?) Cacia wer) 
€0 — 3:99 | +0°00043 | —1:19 | — 0°00410 | +1:58 | —0-00974 | +5:56 | —0-°01289 | +10-44 | —0°01377 | + 13-69 
1 —3-76 0:00000 | - 0-85 | —0-00465 | +1-88 | —0-00997 | +5-82 | —0-01290 |+10-71 | —0-01351 | + 14-04 
2 —3-78 | +0:00041 | —0-83 | —0-00401 | +1-84 | —0-00896 | +5-78 | —0-01160 | + 10°69 | —0-01286 | + 14-16 
3 —4-00 | +0:00142 | —1:12 | —0-:00253 | 41-51 | —0-00702 | +548 | —0-:00977 | + 10:42 | —0-01068 | + 14-05 
4 —4:38 | +0:00275 | —1:61 | —0:00050 | +0-98 | —0-00462 | +497 | —0-00720 | + 9°92 | —0-00858 | + 13-70 | 
5 —4-80 | + 0:00468 | —2-23 | +0:00179 | 40:32 | —0-00200 | +433 | —0-:00469 | + 9:26 | —0-00578 | + 13-10 
6 —5:17 | +0:00607 | —2-79 | +0-00369 | —0-33 | +0-00034 | 43-62 | —0-00221 |+ 850 | —0:00327 | + 12°36 | 
7 —5-46 | +0-:00697 | —3-28 | +0-00530 | —0-93 | +0:00240 | +2-91 | —0-00009 |}+ 7:71 | — 000065 | + 11:52 
8 —5:64 | +0:00759 | —3-65 | + 0700633 | -—1:46 | +0:00407 | +2:25 | +0-00168 |+ 6:94 | +0°00166 | + 10-67 
9 —575 | +0:00784 | —3-88 | +0:00708 | —1:90 | +0-00533 | +1:°65 | +0-:00316 |+ 622 | +0°00363 |+ 9-85 
10 — 5°86 | +0-00812 | —4:04 | +0:00764 | —2-31 | +0:00643 | +1:10 | +0°00441 |+ 5°55 | +0°00551 }+ 9-08 
11 —5-96 | +0-00834 | —416 | +0-00822 | —2-71 | +0:00756| +059] +0-00570|+ 4:89 | +0:00716 |+ 8:37 
f12 —610 | +0:00875 | —428 | +0-00871 | —3-15 | 40-00889 | +010 | +0-00704 |+ 427 | +0-00868 |+ 7:73 
13 | —628 | +0°00928 | —4-45 | +0:00950 | —3:61 | +0:01020 | —0°35 | +0-00744 | + 3°69 | +0°00994 |+ 7-22 
14 —646 | +0-:00966 | —4:67 | +0:01023 | —4-05 | +0-01145 | —0°70 | +0-00936 |}+ 3:25 | +0:01064 }+ 6:89 | 4 
15 | —6-63 | +0:01024 | —4:91 | +0-01112 | —4:37 | +0-01212 | —0°88 | +0:00977|+ 3:05 | +0:01059 ;+ 6:80 
16 | —674 | +0:01036 | —5:13 | +0-01136 | —4:51 | 40-01221 | —0-82 | +0-00927|+ 3:17 | +0:00935 |+ 7-01 | +O™- 
17 | —G-78 | +0:01026 | —5-24 | +0-01118 | —4:36 | +0-01114 | —0-46 | +0-:00764 |+ 3°68 | +0:00682 |+ 7:56 + ; 
18 |= 6:70 | +0:00977 | —5-17 | +0:01036 | —3-89 | +0:00881 | + 0-20 | +0:00488 |+ 4:47 | +0-00365 |+ 838) 4 ; 
19 —6-47 | +0-:00874 | —4-86 | +0-00841 | —3-12 | +0-00558 | +1:10 | +0-00132 }+ 5°63 | —0-00081 }+ 9:38 | =O - 
20 —6-09 | +0-00732 | —4:30 | +0-00619 | —212 | +0-00168 | +216 | —0-00255 | + 6°81 | —0-00479 | + 10-44 a - 
21 — 5:58 | +0°00548 | —3-52 | +0-00324 | —1-02 | —0-00234 | +38-24 | —0-00653 |+ 8-05 | —0-00841 | +11-46| = y - 
22 —4:99 | +0:00346 | —2-65 | +0-00024 | +0:05 | —0-00582 | + 4:23 | —0-00971 | + 9:09 | —0-01139 | +1237 om . 
23 —4-43 | +0-00199 | —1-82 | —0-00243 | +0-95 | —0-00842 | +5:03 | —0-01195 | + 9°90 | —0-01312 |}+13:12 | =OM)- 
SS Se ee a eo a —_ 
Mean,| — 5-49 | +0°00624 | —3-36 | +0:00468 | —1:45 | +0:00205 | +2:37 | —0-:00085 |+ 6:93 | — 000123 | + 10°54 


* Noon. + Midnight. 
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from a set of Observations made at the Convent of the Great Saint Bernard and the Geneva Observatory, 
the year 1851, both years inclusive. 


to Centigrade Thermometer, & 5 ) 
JuLy. Aveust. 
ate jon. Sea! connate, 
— 001464 | + 14:15 | —0-01240 
| — 001482, | + 14:50 | —0-01250 
—0°01420 | + 14-63 | —0-01185 
— 001282 | + 14:55 | —0-01065 
— 001109 | + 14-22 | —0-00890 
—0-00864 | + 13-67 | —0-00670 
—0°00613 | + 12-98 | —0-00433 
—0-00360 | + 12-21 | —0-00203 
— 000112 | + 11-47 0-00000 
+0-00083 | + 10-78 | +0-00168 
+ 0°00257 | 410-14 | +0-00320 
| + 0-00423 |4 9:52 | +0-00477 
+0°00565 |+ 8:88} +0-00642 
4+0°00711 |+ 8-27} +0-00822 
| +0°00809 | + 7-74 | +0-00968 
| +0-00809 } + 7-45 | +0°01033 
| +0:00720 |+ 7-49 | +0-00977 
+0:00500 |+ 7:92 | +0-00781 
| +0-00183 |+ 8-71 | +0-00448 
—0-00200 |+ 9:75 | +0-00056 
| = 0°00593 | +1088 | —0-00353 
—0°00930 | +11:95 | —0-00718 
— 001189 | +12-88 | —0-00987 
—0°01381 | + 13-61 | —0-01161 
= 000331 | +1118 | —0-00144 


indicates Mean Temperature of Air, Centigrade measure, 


SEPTEMBER. 
etn) Goes 
+11:27 | —0°00845 
+1160 | —0:00858 
+11°69 | —0:00787 
+11°55 | —0:00648 
+11'21 | —0°00470 
+10°70 | —0°00265 
+1009 | —0-00060 
+ 945 | +0°00129 
+ 885 | +0°00282 
+ 833 | +0°00399 
+ 7:87 | +0°00492 
+ 745 | +0°00580 
+ 7-02 | +0-00685 
+ 6:55 | +0°00818 
+ 610 | +0°00949 
+ 5:74 | +0°01042 
+ 5°60 | +0°01062 
+ 5:75 | +0°00967 
+ 625 | +0°00760 
+ 7:03 | +0-00446 
+ 7:99 | +0°00083 
+ 9:00 | —0:00260 
+ 9°94 | —0:00544 
+1071 | —0-00750 
+ 866 | +0:00134 

* Noon. 


Ocrober. NoveMBER. DECEMBER. 
Hours, 

a7 een et) pence cir) Goren 

+648 | —0°00455 | +1°77 | +0°:00008 | -202 | +0-00435 0* 
+672 | —0-00471 | +2:01 | —0-00038 | -1:79 | +40-00379 1 
+671 | —0°00399 | +1°96 | +0°00042 | —1:79 | +0:00422 2 
+647 | —0°00261 | +1°69 | +0°00169 | —1:99 | +0-00527 3 
+6°06 | —0°00086 | +126 | +0:00333 | —2-33 | + 0:00682 4 
+555 | +0°00102 | +0°78 | +0-00499 | —2-72 | +0-00835 5 
+499 | +0°00295 | +0°32 | +0:00635 | —309 | +0-00972 6 
+445 | +0°00460 | —0°05 | +0°00741 | —3:38 | +0°01069 7 
+896 | +0°00613 | —0:34 | +0°00811 | —3:57} +0°01112, 8 
+3°54 | +0°00737 | —055 | +4+0°00849 | —368 | +0°01125 9 
+3:17 | +0°00831 | —0-71 | + 6-00886 —3:74 | +0°01132 | 10 
+2°85 | +0°00945 | —0°85 | +0°00922 | —3:76 | +0°01123 11 
+2°57 | +0°01026 | —0-°99 | +0°00983 | —3'79 | +0°01123 12t 
+230 | +001100 | —1:14| +0:01046 | —3:83 | +0:01142 | 13 
+2:07 | +0°01154 | —1:31 | +0°01094 | —3:92 | +40-01183 14 
+1°92 | +0°01173 | —1:-48 | +0°01154 | —4-04 | +0°01237! 15 
+188 | +0°01149 | —1°62 | +0°01186 | —4:17 | +0-01283 16 
4+2:02 | +0-01050 | —1-68 | +0:01179 | ~4:27) +4+0°01315 | 17 
42°37 | +0°00881 | —1'58 | +0°01130 | —4-29 | +0°01309 | 18 
+2:93 | +0°00646 | —1:28 | +0°01006 | —4:18 | +0°01252 19 
+38°66 | +0:00371 | —0°80 | +0°00822 | —3'89 | +0:01122 | 20 
+4:48 | +0°00092 | —0-13 | +0:00585 | —3-47 | 4+0:00948 | 21 
+530 | —0:00166 | +060 | +0:00343 | —2-94 | +0°00750 | 22 
+599 | —0:00356 | +1:27) +0:00150 | —2-43 | +0-00565 | 23 

—0'12 | +0°00689 | —3:29 | +0:00960 


+410 | +0°00435 


+ Midnight. 
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Various Formule for determining the Height of Mountains, by means of Obser- 
vations, Barometrical, Hygrometrical, and Thermometrical. 


Let z be the height of one station above the other. 

Let h be height above the level of the sea of lower station, supposed to be 
known. 

Let h’ be height above the level of the sea of upper station, as yet un- 
known. 

Then z=(h'—h). 

Let r be radius of the Earth = 6369668-0 metres = 20898240-0 English feet. 
Let a 

r+h 

rh’ 


Let aie be z, as yet unknown, to be determined by formula. 


be A, a known quantity. 


2 


22 
Now, it is easy to prove that z=(h’-h) =(«—A) += == , very nearly. 


Let C be the constant for latitude 45°, at the level of the sea, at freezing- 
point, and = 18404-9 metres = 60384°6 English feet : vide Appendix. 

Let ¢ be the mean latitude of stations of observation. 

Let ¢ be half the increase of gravity from the Equator to the Pole of the 
Earth = 0-002695. 
’ Let & be expansion of air for one degree of Centigrade thermometer 
= 0:003665. 

Let J be expansion of air for one degree of Fahrenheit = 0:002036111. 

Let m be expansion of quicksilver for one degree Centigrade = 0:00018. 

Let n be expansion of quicksilver for one degree Fahrenheit =0-0001. 

Let B, B’ be barometric pressures of atmosphere at lower and upper stations 
of observation. 

Let 7, 7’ be temperatures (Centigrade) of the atmosphere at lower and 
upper stations of observation, as shown by the detached thermometers. 

Let ¢, t/ be temperatures (Fahrenheit) of the atmosphere at lower and upper 
stations of observation, as shown by the detached thermometers. 

Let 7, 7” be the temperatures (Centigrade) of quicksilver of the barome- 
ters of the lower and upper stations, as shown by the attached thermometers. 


the Barometric Formule, &e. 653 


Let J, J’ be the temperatures (Fahrenheit) of quicksilver of the barometers 
of the lower and upper stations, as shown by attached thermometers. 

Let f, f be the actual elastic forces of vapour of water of the atmosphere 
at the lower and upper stations, and very nearly equal to the elastic forces pe- 
culiar to the dew-points of the lower and upper stations, as given by an approved 
table of elastic forces (or tensions) of aqueous vapour, or otherwise obtained. 

Let F’, be the elastic force (or tension) of aqueous vapour, peculiar to the 
arithmetic mean of temperatures of the atmosphere given by the detached ther- 
mometers, as obtained from an approved table of elastic forces of vapour, or 
otherwise. 

Let a be the mean fraction of saturation of the atmospheric column between 
the stations of observation, assumed to be equal to the arithmetic mean of frac- 
tions of saturation of atmosphere at lower and upper stations. 

Let 2/(/f’) be &; & being designated the hygrometric element. 

25610 
67407 


Let p (1 + =) be B. 

Let p’ \1+m(T-T’)}=—' {1+n(5-9’)} be B. 

B and B’ are, therefore, the values of £, p’ (barometric observed pressures ) 
corrected for differences of the specific gravities of the quicksilver of the baro- 
meters, arising from differences of temperature of attached thermometers, as 
also from differences of gravity occasioned by height of one station above the 


other. 
Let (H. C.) designate horary correction. 


Let af, be & (8 =6 very nearly: vide Appendix). 


Renny’s General Formula, in its most General Form. 
2h+z B- 


#7 | og Fo + (H.C), Cent 
z=C{1+4¢cos 29} Wer 2 +1(S*—22)| log Bb ° .. (H.C.), Fahr. 
The character z in the above two formule, as also in all the following 


ones, replaces the character H as found in the formule of pages 444 and 446 
of this volume ; the character z is that employed by Porsson in his formula. 


z=C'{1+¢cos 29} 1+ 
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BessEv’s General Formula. 


poue nich 
(z—A)= Ofte cenagl fie STs Ey blog F + (H. C.), Cent. 
ey BB 
at iA? 
$= (0A) ie 


Renny’s General Formula, having Constant and Coefficients in Figures. 


= 18404-9 metres {1+ 0:002695 cos 2¢| Lee }1 +0-003065"57 x 
x log = + (H. C.), Cent. 
z= 60384:6 Eng. ft. {1 + 0:002695 cos 26} oer x 
t+? 
140-00203611 (*-82) pe — =n C.), Fabr. 


Besseu’s General Formula, having Constant and Coefficients in Figures. 


dt cee 
(ae 184048 140002605 cos 2p} (1+ 0.008605 421 { = ous 
k BB 
x log 5+ (E. C.). 
A Mean 


Renny’s Correct Formula, adapted to the Latitude of Dublin = 53° 23! N. 


Metres. = 
= 18390-5 f14 Eee} 11 + 0-003665 4" log re C,). Cent. 
Eng. ft. h —, 
ial! soem (2g st = 
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Renny’s peculiar Formula, which dispenses with Hygrometric Observations ; also 
removes (z) from the right-hand of the Equation. 
1400047" 
Metres. 
z= 18490:0 {1 + 0:002695 cos 29} and tx 
140-0035 =" 


U 


B 
ee é’ {1+0-00018(7—7")|~ (H. C.), Cent. 


1+0-002229 (*-22) 
Eng. ft 2 
z = 60664-0 |1 +.0002695 cos 26} 


and 


1+0:002 (+ 2 32) 


B 
x logy 1140-0001 (J — Ty} * (H. C.), Fahr. 
Rennyv’s peculiar Formula, which dispenses with Hygrometric Observations ; also 


removes (z), the unknown quantity, from the right-hand side of the Formula, 
adapted to the Latitude of Dublin = 53° 23' N. 


1+ 0:0022222 ex ct 32) 
60616-7 Be 1 p 
a e an og ; + 
1400001 3-9" 
140-002 (4-22) a ore) 


+(H. C.), Fahr. 
Bay.ey’s Formula, adapted to Latitude of Dublin = 53° 23’. 


z= 60598-7 {1+ 0-0029229, &o, (24 _ 32) tog ——__ 8 ___ 
See: f {1 40-0001 (3-9) | 


Mr. Renny’s formula (when there are no tables of horary correction) ought 
only to be used near sunset, or two hours after sunrise. 


Bay zey’s formula can be 
used with safety only for observations made near noon, during the fine weather 
of the summer season, and when temperature is above the freezing-point. 
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Tasie XI.—Horary Corrections suited to the Convent 


In order to make use of the Table of Horary Corrections, multiply the height obtained by calculation from the Barometric Observations, by 
calculated hei; 


Hours. JANUARY. FEBRUARY. Marca, AprRIn. May. JUNE. 
o* + 0:00043 — 0:00410 —0:00974 — 0:01289 —0:01377 —0°01415 
1 0:00000 — 0:00465 — 0:00997 — 001290 — 0°01351 — 0:01432 
2 + 0:00041 — 0:00401 — 0:00896 — 0:01160 — 001236 -0:01377 
3 +0:00142 — 0:00253 — 000702 -—0:00977 — 0:01068 — 001264 
4 + 0:00275 —0°00050 — 0:00462 ‘— 0:00720 — 0:00858 — 001076 
5 + 0:00468 +0:00179 —0°00200 — 0:00469 — 0°00578 — 0:00832 
6 + 0°00607 + 0:00369 + 0:00034 — 0:00221 — 0:00327 — 0:00558 
vi + 0°00697 + 0°00530 + 0:00240 — 000009 — 0:00065 = 0-00281 
8 +0:00759 + 0:00633 + 0°00407 + 000168 + 0:00166 = 0:00026 , 
9 + 0:00784 +0:00708 + 0:00533 + 0°00316 + 0:00363 +0°00210 
10 + 0:00812 + 0:00764 + 0:00643 +0:00441 +0:00551 +0°00422 
11 + 0:00834 + 0°00822 +0:00756 + 0:00570 + 0:00716 +0:00611 
12f + 0:00875 + 0:00871 + 0:00889 + 0:00704 + 0:00868 + 0:00773 
13 + 000928 + 0:00950 +0:01020 + 0:00744 + 0:00994 +0:00895 
14 + 0:00966 +0:01023 +0°01145 + 0:00936 + 0:01064 + 000939 
15 + 0'01024 +0:01112 +0°01212 + 0:00977 + 0:01059 + 000903 
16 + 0:01036 + 001136 +0:01221 + 0:00927 + 0:00935 25 0-00767 
17 + 001026 +0°01118 +0:01114 + 0:00764 + 0:00682 + 0-00512 
18 + 0:00977 + 0°01036 + 0:00881 +0:00488 +0:00365 + 0-00189 
19 + 0:00874 + 0:00841 + 0:00558 + 0:00132 — 000081 —0°00179 |. 
20 + 0:00732 + 0:00619 + 0:00168 — 0:00255 — 0:00479 — 0:00553 
21 +0:00548 + 0:00324 — 000234 — 0:00653 - 0:00841 — 0:00879 
22 + 0:00346 + 000024 — 0:00582 - 0:00971 — 0:01139 = 0:01130 
23 +0:00199 — 0:00243 - 0:00842 — 001195 — 001312 —0:013819 
Mean;. . . + 0:00624 + 0:00468 + 0°00205 — 0:00085 — 0:00123 — 0:00254 


* Noon. + Midnight. 


4r2 


Corrections, 
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Great Saint Bernard and the Geneva Observatory. 
jon obtained from the Table for the hour and month of the year, then add or subtract the product (according to the sign) to or from the 
the true height. 
JuLy. Aveust. SEPTEMBER. OcroBER. November. DECEMBER. Hours. 
-—0:01464 — 001240 — 0:00845 — 000455 + 0:00008 + 0:00435 12 Noon. 
— 0:01482 — 001250 — 0:00858 — 000471 — 0:00038 + 000379 My) 
— 0:01420 — 001185 — 0:00787 — 0:00399 + 0°00042 + 000422 2 | 
- 0°01282 — 0:01065 — 0:00648 — 0:00261 + 0:00169 + 0°00527 3 
—0:01109 — 0:00890 — 0:00470 — 000086 + 0°:00333 + 0:00682 4| 3 
—0:00864 — 0:00670 — 0:00265 + 0:00102 +0:00499 + 0:00835 5 2 
—0:00613 — 0:00433 — 0:00060 + 0:00295 + 0°00635 + 0:00972 6 5 
— 0:00360 — 0:00203 +0:00129 + 0:00460 + 0:00741 + 001069 7 | A 
4 0:00112 0-00000 + 000282 + 0:00613 +0:00811 +0:01112 8 | S 
4 0:00083 + 0:00168 + 0:00399 + 0:00737 + 0:00849 +0°01125 9 
+0:00257 + 0:00320 + 0°00492 + 0°00831 + 0°00886 + 0:01132 10 | 
+0-00423 + 0:00477 + 0:00580 + 0°00945 + 0°00922 +0°01123 1lj 
+ 0:00565 + 0:00642 + 0:00685 + 0:01026 + 0:00983 + 001123 12 Midnight 
+0:0071) + 0°00822 + 0:00818 + 0°01100 + 0:01046 +0°01142 1] 
+0:00809 + 0:00968 + 0°00949 +0°01154 + 0:01094 +0°01183 2 | 
000809 + 0:01033 +0°01042 + 001173 + 0:01154 + 0°012387 3 
+0-00720 + 000977 + 0°01062 +0:01149 + 001186 + 0°01283 4 | 3 
+ 0:00500 +0°00781 + 0:00967 + 0:01050 +0:01179 + 0°01315 5 | S 
= +0°00448 + 0:00760 +0:00881 + 0°01130 + 001309 6 | ob 
000200 + 0:00056 + 0 00446 + 000646 + 0:01006 + 0:01252 7 FI 
=0-00593 — 0:00353 + 0:00083 + 0°00371 + 0:00822 +0:01122 8 | S 
- 0:00930 — 0:00718 — 0:00260 + 0:00092 + 0:00585 + 0:00948 9 
001189 — 0:00987 — 0:00544 — 0:00166 + 0:00343 + 0:00750 10 | 
001381 -— 001161 — 0:00750 — 0:00356 +0'00150 + 0:00565 11} 
-0-00144 | +000184 | +0-00435 | +000689 | +000960 | Non omy | 
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APPENDIX. 


On THE CoNSTANTS OF THE BAROMETRIC FORMULE. 


0:76 
Mx WD 
formula for a suppositious atmosphere ofsimple dry air, perfectly free from vapour of water, 
in which expression C represents the constant of the formula, Jf the modulus of com- 
mon logarithms, and D the ratio of the specific gravity of dry air to that of quick- 
silver, under a pressure of 0:76 metres of quicksilver, may be obtained in the following 
manner :— 


THE expression C = metres, by which is calculated the constant of a barometric 


It is obvious that the height of a column of dry air of uniform density = — metres. 


Let us now suppose a column of dry air to be divided into an extremely great number of strata 
of equal thickness. Let n be a number extremely great: consequently the thickness of the 
lowest stratum (as also that of every other stratum), or the distance between the lower and 


Jil : 
upper surfaces of such lowest stratum, may be represented by the quantity ;, Metre. It is 


also obvious that the density of such stratum (though not mathematically uniform) has 
uniformity for its limit of variableness. If we now assume as measure of the pressure at 
the lower surface of the lowest stratum, the height of a column ofdry air of uniform density 


0:76 - 
= metres, we have for measure of pressure at the upper surface, distant from the lower 


. 1 een sGaal : 
surface, by a quantity = = metre, the expression Dp ~_ metres: But n being a number 


extremely or indefinitely great, in place of these expressions we may employ the expressions 
076 1 P 


0-76 ; : 
Teer and Di making use of the well-known barometric formula (h =C x com. log. 7 


in which h is the height of one station above the other, C is a constant quantity, and p, p’ 


: 1 
are the pressures at the lower and upper stations, we have as C x com. log. | a 


or, 
~ = Cx Mx hyp. log. {1 +5 7a] = Ox wef 75 3(5 a) +b he { 


? 
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or, 


But D is a fixed quantity, very small, and ” is a number indefinitely great; we may, there- 
fore, omit in the denominator of the right-hand side of the last equation, every term after 
the first. Doing so, we have— 


0-76 
Mx D 


C— metres.—Q. F. D. 

Now = 0:43429, and from calculations made by experiments by Reanavrr at Paris, 
we have at freezing-point, for the value of D at the level of the sea of latitude 45°, the 
—_ ; these values being substituted in the equation C = os 
metres, we have C = 18404-9 metres, consequently C (the constant for an atmosphere of 
dry air, at the freezing-point, at the level of the sea of latitude 45°) = 18404-9 metres. 

Let us now calculate a constant C’ for an atmosphere consisting of an union or mixture 
of dry air and vapour of water, having an elastic force (or tension) represented by 
metres, peculiar to the freezing-point, such as may be found in an approved table of elastic 
forces of vapour of water, or obtained in any other manner correctly, such union or mix- 
ture being under a pressure of 0:76 metres of quicksilver. 


expression D = 


Let D’ be the ratio of the specific gravity of such an union or mixture of dry air and 
vapour of water (D being the corresponding ratio of dry air alone) to that of quicksilver, 
under a pressure of 0°76 metres of quicksilver at freezing-point. 

ar 

Now it is well known that D’= D - at for proof of which, vide former paper by 

Mr. Renny, Article 2, p. 439, supra. 


But 3/'= 0:00190 metres, and D = a= therefore we have-- 


ipsam ck 0:00190) 1 : 

~ 105173 ~ 0-76000) ~ 1054367 Ores: 

But C’= aS metres = 0-76 T metres = 18451-5 metres. 
Pi 0-43429 x ——__ 


10543°7 
Reproducing our constants, we have—— 


, Being the constant of a barometric formula for a suppositious 
C = 18404-9 metres atmosphere of dry air, at the level of the sea, freezing-point, of 
latitude 45°. 
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Being the constant for an atmosphere (consisting of an union or 
mixture of dry air and vapour of water having an elastic force 
i Teas t25 wate (or tension) = 0:00506 metres, peculiar to the freezing-point, as 
obtained from an approved Table of elastic forces of vapour of 
water, or otherwise correctly obtained) at level of the sea, of lati- 
L_ tude 45°, at freezing-point. 

In order to compare the formula of Besse (employed by M. E. Pranramoovr in caleu- 
lating the height of the Convent of the Great Saint Bernard above the Observatory of 
Geneva) with my own formula already submitted to the Royal Irish Academy, it is desir- 
able to prove that the expression (31/,f’, being three-eighths of the square root of the 
product of the elastic forces of vapour of water, corresponding to the dew-points) is (quam 


prowime) equal to a af, of Brsset’s formula, in which expression a represents the 


arithmetic mean of fractions of saturation at the stations of observation, and F, represents 
the elastic force (or tension) of vapour of water, corresponding to the arithmetic mean of 
temperatures of stations, as given by the detached thermometers, obtained from an approved 
table of elastic forces of vapour of water, or calculated by the equation of Brssrx (given 
in the Appendix, vide page 661), or otherwise correctly obtained. 

In order to prove that (for practical purposes) $V ff = a af, and that it is a 
matter of indifference, in barometric formule, whether we make use of the one or the other, 
Ihave to remark that the elastic forces of vapour of water corresponding to the dew-points 
of the atmosphere, are very nearly equal to the elastic forces of the vapour of water of the 
atmosphere. Now if we consult any approved table of elastic forces of vapour of water (such 
as that of Dr. Anpzrson, calculated from experiments by Daron and URE), we shall find 
that the elastic forces form a geometric series (quam prowime) when the corresponding tem- 
peratures form an arithmetic one, consequently 7’ indicates the elastic force of vapour of 
water belonging to a stratum of the atmosphere, situated half-way between the upper and 
lower stations of observation. But as F, indicates the elastic force of vapour of water corre- 
sponding to the arithmetic mean of temperatures of stations, belonging to a stratum half-way 
between the stations of observation (obtained from an approved table of elastic forces of 
aqueous vapour, which supposes a state of saturation), it is obvious that to obtain the actual 
elastic force we must multiply F, by the fraction of saturation represented by a. Doing 
so, we have the expression af’. Therefore (quam prozime), ¥ (jf) = af. But, by trial, it 
is easily discovered that (quam proxime), we have— 


25610 25610 : 
a . 3 _ ———— 
3= 67407) therefore 3 / ff’ = 67407 aF’, (quam prowime). 


Seeing that these expressions are very small in quantity, it is an affair of perfect indif- 
ference whether we employ the one or other, in barometric formule. In my paper on 
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the Constants of Barometric Formule, which accompanies this Appendix, I have represented 


the expression $f’ by the character 3, and the expression a af’, by the character 
©. So that for practical purposes, 6 = §.—Q. E. D. 

I now bring forward BrsseEx’s equation for calculating the elastic forces of vapour of 
water (expressed in metres), corresponding to temperatures of Centigrade thermometer, 
accompanied by some constant logarithms, useful in facilitating calculation. 

Let F;, be the elastic force (or tension) of vapour of water, corresponding to temperature 


+7, , : : : 
Z 5 - (being the arithmetic mean of temperatures, as given by the detached thermometers). 


2 


Metres. ee 


F,, = 0:0051229 x 10 +9 0279712 


Log 00051229 = 3:7095159. 
Log 00279712 = 2-4467111. 
Log 0:0000625826 = 5-7964536. 


BEssEL’s Equation for calculating Elastic Forces (or Tension) of Vapour of Water, adapted to 
English inches and Fahrenheit thermometer. 


Let F' be the elastic force, corresponding to temperature ¢, Fahrenheit. 


F= 00613265 xe 10 + 0°0187787 «1 — 0-0000193156 . #2, 


Log 0:0613265 = 2-7876482. 
Log 00167757 = 2:2246806. 
Log 0:0000193156 = 5-2859082. 


TABLE of Elastic Worces (or Tensions) of Vapour of Water, corresponding to the Temperatures 
(Fahrenheit) 0°, 82°, 50°, and 100°, as calculated by the above Equation of BEssEL, and as obtained 
from Anvrrson’s Tables, made from experiments by Dayton and Ure. 


| 


Fahrenheit. Bessel. Anderson. Differences. 
Degrees. Inches. Inches. Inches, 
0 0:06133 0:06121 0:00012 


32° : f 
Freezing-point. So. 20169 | 0:19934 | 0:00235 
50° 


0°37856 0°37345 000511 
100° 187090 1:8524] 0:01849 
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TaBLe XII. 


Metres. English Feet. | 


Height above level of the sea, by accurate spirit- 
levelling of the cuvette of the barometer of the 
Convent of the Great Saint Bernard, . . . .| 2478°34 813118 


Height above level of the sea, by accurate spirit- | 
levelling of the cuvette of the barometer of the 
Observatory of Geneva, . - - - » +» + + 408:00 1338-61 


Height above level of the sea, by accurate spirit- 
levelling of the zero of the limnimetre, Geneva, 373°86 1226°60 


Height above the level of the sea by accurate spi- 
rit-levelling of the mean level of the surface of 
Dake Geneva, |\s-..\ ames ta Naess ees 37592 1233-35 


Height of Mont Blanc above the cuvette of the ba- 
rometer of the Convent of Great Saint Bernard 
according to barometric calculations, made from 
observations, hygrometric as well as barometric, 
made by Messrs. Bravats and Martius, during 
their ascent of Mont Blanc, 29th August, 1844, 
compared with corresponding observations made 


atthe Convent saver titled cy Pons meee 2339°0 7674: 02 
Height of Mont Blanc above the level of the sea, . 4817°34 1580520 
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POSTS CRIP T.. 
(Read May 9, 1859.) 


In the foregoing paper I particularly pointed out that, notwithstanding the 
great improvements produced by my new Formule, having new Constants, 
assisted by Tables of Local Horary Correction, we ought not to expect exemp- 
tion from serious error on all future occasions. My reasons for this my belief 
were stated at pages 638, 639, and 640. At page 639 commences the follow- 
ing statement :— 

“ Now, it is to be remarked, that according to the Table of Horary Correc- 
tions, I had reason to expect such errors to be little removed from nothing. 
Great, therefore, was my disappointment. Yet there is this consolation in such 
disappointment, that had the formula of Lapiacsg, or any other derived from 
LaPLace (such as BayLey’s or Porsson’s) been employed instead of my own 
formula, the errors had been double of the actual errors, as given in the small 
Table IV., so that, although the Table of Horary Corrections meet not our 
wishes nor our expectations, it diminishes by one-half the errors of the other 
formule. Therefore, let us not despond ; all we desire has not been realized, 
but considerable improvement has been made, and by diligence and zeal more 
may hereafter be done. The defect of the formula which now remains to be 
remedied is brought within a small compass, and is simply the error occasioned 
by assuming an incorrect value of the mean temperature of the atmospheric 
column between the stations of observations. Time only can tell if any consi- 
derable improvement be possible in reference to mean-temperature errors, but 
these, if not removable by positive improvements in the formula itself, may be 
rendered for practical purposes comparatively innoxious, by sound tables of 
local horary correction ; and in the formation of such tables, the new formula 
with new constant, will give, I believe, very important assistance.” 

Now, in reference to this extract, I have to remark, that in consequence of 
information lately communicated to me by Monsieur E. Prantamoor, I have 
to modify, very considerably, my opinion concerning the mean-temperature 
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errors of barometric formulz; not that I doubt that such errors are still very 
serious, but I do not now believe them to be grievous to the extent I believed 
them to be, when I prepared the Table of Errors (Table IV., page 639 of 
this volume). For I am now aware that the said Table IV., page 639, has 
been prepared from incorrect information, published by Monsieur E. Puanra- 
MouR in a scientific periodical, which appears in monthly parts at Geneva. It 
is not for me to point out to Monsieur E. PLanramour the mode in which such 
periodical should be conducted, but, in justice to myself, I have to state my 
regret that inaccurate information should have been thus given to the public, 
whereby I have been led into a serious mistake concerning the mean-tempera- 
ture errors of barometric formule, and have been induced to occupy unneces- 
sarily the time and attention of the Royal Irish Academy. It now appears 
that the barometers of the Convent of the Great Saint Bernard and of the 
Geneva Observatory have, each, a constant error,—the error of the barometer 
of the Convent being 0°70 millimetres in excess ; that of the barometer of the 
Geneva Observatory being 0°79 millimetres in defect. It also appears, that in 
the scientific periodical published at Geneva, in monthly parts, under the 
direction of Monsieur E. PLanramour, the constant error of the barometer of 
the Convent has been applied to the published observations made at the Con- 
vent since the year 1845, so that such published barometric observations are 
correctly given ; but, unhappily, similar precautions have not been practised 
in reference to the published observations of the Geneva Observatory, so that 
such observations require a correction to the amount of 0°79 millimetres. 
True it is, that once a year, near the middle part of the year, summer time, 
Monsieur E. Puantamour publishes in the said scientific periodical, above 
alluded to, a Resumé, in full detail, of observations, barometric, thermometric, 
hygrometric, &c., &c., &c., of the past year ; but seeing that I had no possible 
opportunity of becoming acquainted with such Resumé, I have,u nfortunately, 
been employing incorrect data in working out my Table, No. IV., page 639. 
Perhaps it may occur to some Members of the Academy, that although it did 
not seem good to Monsieur E. Pranramour to apply the necessary correction 
(viz., + 0°79") to the barometric observations made at the Geneva Observa- 
tory, as he has done to those of the Convent Saint Bernard,—yet, surely, he has 
not omitted, in each monthly publication, an intimation of some kind or other, that 
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the correction (+ 0°79") is necessary, in order to bring the published barometric 
observations to the true and real value of the observations ; but nothing of the 
kind appears ; no, not even a slight statement in the pages of the periodical 
containing the observations, that they require correction. Therefore, in justice 
to myself, I am under the necessity of thus clearly stating the case, lest any 
Member of the Academy should consider me careless or negligent in this affair. 
Indeed, without the gift of something approaching to inspiration, it had not 
been possible for me to have acted in this matter otherwise than I have done. 
Having thus explained to the Academy how it has happened that I have been 
employed (unintentionally) in misleading the Academy,—as a matter of course, 
it is now necessary to dismiss, at once and for ever, the Table of Errors, 
No. IV. of page 639, in order to make way for anew Table of Errors calculated 
with correct data. 

The following Table is intended to show the Errors of Height of the Convent 
of the Great Saint Bernard above the Geneva Observatory, calculated from cor- 
rect data, for moments of the day, mean time, when, according to the large Table 
of Horary Corrections (vide Table IIL, page 634, Table X., page 650; also 
Table XI., page 656), the horary correction vanishes. This new Table con- 
tains also the moments, mean time, of sunrise and sunset, for the middle day of 
each month of the year, for the mean latitude of the Convent and Observatory 
(viz., 46° 2’ North). The correct data for the year 1855, by means of which 
the contents of this Table have been calculated, may be found in the “ Archives 
des Sciences Physiques et Naturelles, Bibliotheque Universelle de Geneve,” 
Juillet, 1856, tome 32, de la 4™° serie, No. 127, under the Article “ Resumé 
Metéorologique de l’année 1855, pour Genéve et le Grand Saint Bernard,” par 
M. le Professeur PLantamour, commencing at page 177 of the “ Archives des 
Sciences Physiques et Naturelles,” and terminating at page 203 of the same 
Archives, &c. The Archives here alluded to are to be found in the Library of 
the Royal Irish Academy. The true height of the Convent above the Obser- 
vatory, by extremely accurate spirit-levelling = 2070-34 metres; the mean lati- 
tude of the Convent and Observatory = 46° 2’ North; horary correction = 0, 
according to Tables X. and XI.; vide pages 650 and 656; also Table IIL, 


page 634. 
482 


666 Lieutenant Renny on the Constants of 


Tas.e XIII. 
AM. | P. M. 
= Moments, Moments, 
Si ¥ bs Ss : 
“ie Pieanieirted mean dine Errors | ao se) Errors 
ate Se Horary o ee Horary a Remarks. 
Months. STE day Corrections Caeuet | eae day Corrections aoe 
each month. according each month. according 
t 0 
Table IIL Table III. 
#H. M. H. M. Metres, H. M, H. M. Metres. 
January, 7 44 rye  Moheten| 4 35 1 0 + 462 One moment only. 
February, te) 10 0 |— 5:30 || 5 20 4 0 |- 470 
March, . 6 18 8 30 | + 1:32 6 0 6 0 | — 2:05 
April, 5 20 720 |+ 4:54 6 40 7 0 |+ 153 
May, - 4 34 6 48 — 1:28 719 715 — 344 
June, . 414 6 30 | — 5-40 7 46 8 0 |— 3:62 
July, . 4 29 6 30 | — 7:48 7 42 8 35 | — 348 
August, . 5 3 7 8 | -— 2:00 7 4 8 0 | + 0:07 | 
September, . 5 42 815 |— 2-61 6 9 620 |— 2:00 | 
October, . 6 22 9 20 | — 10-94 5 10 427 |— 9°55 | 
November, . tS Salud ats 4 24 0 10 | —10-01 | One moment only. 
December, . 7 41 4 9 ne fo - +» | No moment whatever. 
Mean of nine months, ‘ Mean of nine months, 
from February to H. M. H. M. Metres. | H. M. H. M. Metres. } from February to 
| October, both in- 5 28 749 | — 38-24 6 34 6 387 | — 3:03 October, both in- 
| clusive. | | clusive. 


Comparing the above Table XIII. with similar Table IV. of page 639, I re- 
joice to be able to modify my opinion very much indeed, concerning the merits 
of the large Tables of Horary Corrections of pages 650 and 657. The column 
of errors, P.M., of the above Table, furnishes facts very satisfactory indeed, par- 
ticularly for the seven months from March to September Pp. m., both months 
inclusive. The mean error for these seven months P.M. is only 1°85 metres. 
Now, it is not to be forgotten, that the vanishing moments of Table IIL., page 634, 
were obtained as the mean of ten years’ observation, from 1841 to 1850, both 
years inclusive, so that the deviations of one particular year (viz., 1855) from 
the mean of ten previous years, is small indeed. Moreover, M. Phranramour 
informs us, at page 184 of the “ Resumé Meteorologique” for the year 1855, 
that the mean temperature for this year (1855) was one-tenth of a degree colder 
than the mean temperature of the twenty preceding years, so that, making 
allowance for this circumstance, the mean error of calculated heights, p.m., for 
the seven months from March to September, being only 1°85 metres, will be 
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reduced to 11 metre, being an error very small indeed, about one in two 
thousand parts very nearly. 

With respect to errors of heights of the forenoon (from two hours to two 
hours and a half after sunrise), when the horary correction vanishes, it appears 
by inspection of Table XIII. that such errors are more variable and unsteady 
than the corresponding errors near sunset. For example, the error for the 
month of July is as much as 7-48 metres, that of June being 5-40 metres, and 
that of April 4°54 metres, although the mean error for the seven months of the 
forenoon, from March to September (both months inclusive), is only 1:84 
metres, being but the one-hundredth of a metre different from the corresponding 
mean of the afternoon (viz., 1°85 metres). 

These facts clearly indicate sunset as the moment of the day most favour- 
able for barometric observations, and the comparison of mean sunsets for the 
nine months (which have two moments, that the horary corrections vanish), 
with the mean moments of adjoining column, shows the same thing; for by 
Table XIII., the mean of sunsets is 6h. 34 m., being different only by three 
minutes of time from the mean of moments of observation of adjoining column, 
whereas the mean of sunrises differs about two hours and twenty minutes from 
the mean of adjoining column. In my paper on the Constants of the Baro- 
metric Formule, to which this, my present paper, is but a supplement, I have 
recommended (in absence of a reliable table of horary correction) sunset and 
two hours after sunrise, as the moments of the day most favourable for baro- 
metric work. I now feel disposed to modify my opinion, as to observations 
of the forenoon, and to recommend, as the best moment, the moment equally 
distant with sunset, from the moment of highest temperature of the day, gene- 
rally between one and two hours, P. M. 

As to other periods of the day, I should not be afraid to make calculations 
for height by my own formule (in absence of a sound local table of corrections), 
making use of the large Table X. of page 650, for the seven months from 
March to September (both months included), particularly if the arithmetic 
mean temperatures, as given by the detached thermometers, be not widely 
different from the corresponding arithmetic means of temperature of Table X. 
I do not, however, feel myself authorized to recommend such practice to others ; 
in this matter let every one judge and act for himself, and modify his practice 
according to his experience of its workings. 
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Whereas the hygrometric element, 6= 3(,//’), acts a very important part in 
my new correct formule, I think it advisable to give the means of calculating 
it. Ihave given already in the Appendix, page 661, Brsset’s excellent and 
extremely simple equation for calculating the elastic forces (or tensions) of 
vapour of water, corresponding to temperatures Centigrade, as also Fahrenheit 
thermometers. I will now give Dr. Arsoun’s formula for calculating the elastic 
forces or tensions of aqueous vapours of the atmosphere, from observations 
made with the wet and dry bulb hygrometers :— 


Dr. Apsoun’s Formula for calculating the Elastic Force or Tension of the Vapour 
of Water of the Dew-point of the Atmosphere, from Observations made with the 
Wet and Dry Bulb Hygrometers. 


Let ¢ be the observed temperature (Fahrenheit) of the dry thermometer. 

Let ¢’ be the observed temperature (Fahrenheit) of the wet thermometer. 

Let f’ be the elastic force (or tension) of the vapour of water, correspond- 
ing to the observed temperature ¢’ of the wet thermometer, as ascertained from a 
sound table of elastic forces (or tensions) of aqueous vapour, or calculated by 
means of BzssEL’s equation, or otherwise correctly obtained. 

Let F be the elastic force (or tension) of aqueous vapour, corresponding to 
the dew-point of the atmosphere, being extremely nearly equal to the actual 
elastic force (or tension) of the aqueous vapour of the atmosphere, and being 
the unknown quantity to be determined by the formula. 

We have— 


F = f' — 0:01135 (¢—?#’) x P ao for temperatures above the freezing-point. 


F=f’ —0:01014 (¢-?') x P for temperatures below the freezing- point. 
N. B.—The character p indicates the weight or pressure of the atmosphere 
in inches (as determined by a barometer, or otherwise determined accurately) ; 
fide 
30 
from unity, this quantity may always be omitted, when calculating the value of 
the hygrometric element {6 = 2,/(/f’)}. 


the value of / is given in inches; and whereas is seldom much different 
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ik Tue observations which I am about to make on the forms of the personal 
pronouns belonging to two great families of languages, the Hebrao-Assyrian 
and the Indo-European, and to the Egyptian language, which is referable to 
neither of these, were intended to form part of a paper on the Assyrian verb, 
which I have had in preparation for a considerable time. 

2. The quantity of matter, however, which I have already collected in con- 
nexion with this subject, and to which Iam making constant additions, is such 
as to render it impossible for me to prepare this paper for publication during 
the present session of the Academy. And, as what relates to the personal pro- 
nouns is complete in itself, I have deemed it expedient to detach it from the 
paper on the verb, and forward it at once. 

3. A great deal has been written on the subject of these pronouns ; and if 
ingenuity and sound judgment could have elicited the truth respecting them 
from the data heretofore available, I am very sure that it would have been 
elicited; I believe, however, that the data in existence have been insufficient ; 
and accordingly, while I feel perfect confidence that I have attained to a correct 
view of the matter, I rest my convictions mainly on the evidence furnished by 
the newly discovered Assyrian forms. 

4. In a paper which was read at the meeting of the British Association in 
1852, I pointed out the identity of the latter part of the Assyrian andku,* the 


* In reading Assyrian words, the vowels should be sounded as in Italian, and the accented 


syllable marked. 
Asz 
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equivalent of the Hebrew anoki, with the Greek and Latin ego; the final vowel 
of which is dropped in the Gothic and Lithuanian sub-families, as it is in the 
Coptic, and probably in the Pheenician ; while the Sanskrit sub-family annexes 
a new syllable to the mutilated Lithuanian form.* 

5. Two questions respecting this pronoun were unanswered in that paper. 
What is the nature of the syllable an, which commences it and all similar forms 
belonging to the first and second persons? and what the distinction between 
the two Hebrew forms belonging to the first person singular, anoki and ani ? 
I am now prepared to answer these questions, and in answering them I shall 
be able to introduce all that I have to say respecting the other pronouns. 

6. First then, as to the prefix an. I have discovered that it is a verbal 
theme ; so that anoki is in fact the first person singular of a verb, of which atta 
and attem are the second person masculine, singular and plural. In the second 
person, the prominal termination is the same as what appears in verbs ; but in 
the first the verb has ¢2 and mw, while the pronoun has oki and akhnu. Look- 
ing, then, to the Hebrew alone, or (I may add) to it and the languages of the 
same family that have been heretofore known, there existed no good grounds 
for considering an to be a verb. It is possible that it may have been conjec- 
tured to be so; but I am not aware that it was. 

7. The case is different in Assyrian. In that language the first person of 
the verb corresponding to the Hebrew lamadt: would be lamddku, the form of 
which is identical with that of andku. Ldmadti would be in Assyrian the 


* The changes in the latter part of the so-called pronoun of the first person singular in the 
junior members of the Hebreo-Assyrian family are very similar to those which have taken place 
in the Gothic and Lithuanian sub-families. The final vowel is retained in the Hebrew anoki and 
the Assyrian anaku, but in these only. The Pheenician 38 was probably pronounced anak; anah 
was used in the Aramzan dialect, commonly called Chaldee; and in the same language, and in 
Arabic. The Coptic forms were anok and anak ; the ancient Egyptian was probably anwka, Let 
these forms, deprived of the initial an, which is common to them all, be compared with the Meso- 
Gothic and Anglo-Saxon 7k, the old German 7h, the Icelandic eg, the Lithuanian asz, the old Prussian 
as, and the Sclavonic az. The Zend form is azém, the old Persian adam, and the Sanskrit aham. 
If we had only this pronoun to consider, it would be natural to suppose the final syllable in these 
last forms to represent the wu at the end of the Assyrian word. This is, however, an inadmissible 
explanation of it, because the same syllable is attached to other pronouns, as in twam and wayam, 
where no such substitution could have taken place. 
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second person singular feminine, the masculine being lémadté. These again 
correspond to aité and atid, which of course stand for anti and antd. Looking 
then to the Assyrian language, it is quite plain that an is a verbal root, and that 
the true subjective pronouns are dku, ta, and ti, corresponding to the Latin ego 
and tw. 

8. It is remarkable that in all the languages of the Indo-European family 
the subjective pronoun of the second person singular is common to both genders, 
while in all those of the Hebrxo-Assyrian a distinction of gender exists.* 
From the resemblance in termination of tu to dku, it is probable that it was the 
more ancient form ; and that the double form was a refinement, made by the 
one race after the other had separated from it. It is uncertain whether the 
old Egyptian had one or two forms for this pronoun. It was rarely used; and 
in Coptic it is altogether wanting.t 

9. It is next to be considered what this verbal root an signifies. What would 
first occur to most persons would be that it was the as or es of the Indo-Euro- 
pean languages ; so that andku would be equivalent to the Latin sum. Further 
examination will, however, prove that it must mean something more. The 
Assyrian inscriptions contain a sentence equivalent to swm rex ; and this is not 
expressed by sar andku, but by sarraku. Andku is therefore something diffe- 
rent from swum; and I take it to be adsuim. This verbal prefix, it will be ob- 


*In Latin and Doric Greek we have tw; other Greek, su; Gothic, Anglo-Saxon, and Icelandic, thu ; 
old German, du; Lithuanian and Sclavonic, tu; with the addition of am, we have the old Persian 
tuwam, the Zend tim, and the Sanskrit twam; all these are equally applicable to masculines and 
feminines. On the other hand, atta, and in Arabic anta, are addressed to males; ati and att, and 
in Arabic anti, to females. 

{ Antok will be explained hereafter. It is compounded of anto and k, not of an and tok. No 
comparison can, therefore, be made with propriety between this word and the Hebrwo-Assyrian 
pronouns of the second person. In a few old Egyptian forms ¢u is used for the pronoun of the 
second person singular masculine. I do not recollect having met with these forms addressed to a 
female; and I can scarcely say whether I should expect tw or ¢. On theone hand, there is the fact 
that the Egyptians had distinct affixes / and ¢ for the second person singular masculine and femi- 
nine; but, on the other hand, it should be observed that the form ¢w is the Indo-European one of 
the common gender, not the Hebrao-Assyrian masculine. The plural affix of the second person 
is the same, to the eye at least, in both genders. It is not certain, however, that it was not pro- 
nounced tun when masculine, and tén when feminine; the short vowel, interposed between the 


consonants, not being expressed. 
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served, is in all the Hebrzeo-Assyrian languages confined to the pronouns of the 
first and second persons, the speaker and the persons spoken to, who are present 
to one another ; while the pronouns of the third person are used also to repre- 
sent the remote demonstrative pronouns, that and those. It is a strong confir- 
mation of this view, that the Assyrian preposition dna, which must have been 
originally an imperative or infinitive of this verb, denotes to, for, at, on.* It is 
the equivalent of the Hebrew el, or its abbreviation, the prefix /e.t 

10. What I have said sufficiently explains one of the two Hebrew forms 
for the first person singular, anoki ; the corresponding forms in the other 
Hebreo-Assyrian languages ; and the forms for the second person, masculine 
and feminine, singular and plural, in all these languages. It does not, however, 
explain the other Hebrew form, ani, nor the forms for the first person plural 
in the different languages. Of these I proceed to speak. 

11. The connexion between ani and anoki has been treated of by many 
grammarians. Some have thought that the former word was a contraction of 
the latter ; while others have represented anoki as a compound, of which anz 
was the first part. Iregard both these views as equally erroneous. I consider 
the original signification of the two forms to have been altogether different. I 
have shown that anoki was originally a verb “I am here ;” and I entertain 
no doubt that ani is properly a noun, signifying “ my presence,” or “‘ my person.” 


* It is my belief that the English preposition ov (the same in Anglo-Saxon; in Meso-Gothic, and 
old German, and also in Greek, ana) is identical with the Assyrian ana; as the English, Gothic, and 
Latin in is with the Assyrian ina, or, as it is sometimes written, iz. In the Indo-European languages, 
an is found with a signification not very different from what I have assigned to the Hebreo-Assyrian 
an; and I doubt not that they originally coincided. It is used for one of the cases of the demon- 
strative this in old Persian, Zend, and Sanskrit. The corresponding Assyrian pronoun is in the 
nominative masculine annu, with the second radical doubled. It is declined as a regular adjective. 
Now, although it is essential to a proper knowledge of Hebrew or Assyrian grammar to consider 
the roots as triliteral; distinguishing those, for example, in which the second radical is an omissible 
u or 7 from those in which it is the same as the third, there can be little doubt that if we go back 
to the early state of the language, which we must do when we compare Hebrexo-Assyrian with 
Indo-European forms, we shall find the original root biliteral; }$ alone being the parent of both 
}28, whence the Assyrian demonstrative “ this,” and })8, whence the Assyrian preposition “ to.” 
The connexion between “ this ” and “ here” is evident. 

7 The interchange of 7 and n in the Hebrew and Assyrian forms is analogous to what we meet 
in the Latin alius and alter, compared with the Sanskrit anyah and antarah. 
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12. In many contexts both these forms may be used indifferently; but 
there are some in which ani alone can be used with propriety. These are the 
cases where the pronoun, being otherwise expressed, is repeated for emphasis. 
Such are the expressions, vaani hinneni, “and me, behold me;” amarti ani, “I 
said, I ;” bi ani, “ upon me, me.”* According to my view of the matter, the 
literal translation would be, “ and it is my person ; behold me;” “I said; it is 


” “upon me ; it is my person;” an, with the substantive verb under- 


my person; 
stood, constituting a parenthetic sentence. 

13. What first led me to take this view was my observing a similar phrase- 
ology in Assyrian. Xerxes says, in one of the Persepolitan inscriptions of the 
third kind, which are in a language almost identical with the Assyrian, “ King 
Darius, dbua, dttua, my father, mine ;” literally, “the father of me ; it is my 
person.” In the Behistun inscription Darius says, “ eight kings ina lib jiriya, 
dttua, among my family, mine,” literally, “among the family of me; it is my 
person.” We have here dttwa, which from its form must be a nominative, occur- 
ring after a noun in the genitive, exactly as it did in the preceding sentence after 
a noun in the nominative. This proves that it is not in apposition to that noun, 
but must constitute a parenthetic sentence ; which it may do, and can only do, 
with the substantive verb understood. 

14. Now, on examining this dttua (which is here used precisely as the 
Hebrew ani is used in the phrases that I have quoted) I find that it is an equi- 
valent form of the same root. Ani consists of the indeclinable noun an, and the 
affix 2; dttua (for dntua, as atté for antd) consists of ant, the feminine form of 
an, with u, forming the nominative, and a the possessive affix of the first per- 
son.} The Assyrians were much more careful than the Hebrews to give the 
feminine termination to abstract verbal nouns; and they even annexed it to nouns 
which were not abstract, but had in some degree the form of such. Thus, in 
place of the Hebrew iris, “ earth,’ they used irsit, or, as I prefer writing it, 
irchit ; in place of bahar, “a sea, or great water,” they used bahrat or bahrit, 


* These three expressions occur Gen. i. 17; Eccl. ii. 1; and 1 Sam. xxv. 24. The French mo¢ 
exactly corresponds to ani when thus used. 

+ The exact Hebrew equivalent of the Assyrian tua would be att? for anti. This is not used 
as a separate pronoun; but it may perhaps explain the form /amadti for the first person singular of 
the verb, which has completely superseded lamdoki. 
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whence the genitive singular bahrti. The feminine form of an was, however, 
not confined to the Assyrians. It was used to form all the Coptic and old 
Egyptian pronouns of the second and third persons: antok, “thy person;” 
antov, “his person;” antos, “‘her person;” antoten, “ your persons ;” where the 
ancient and the more recent language agree ; as well as those other forms in 
which they differ. It is my belief that in these Egyptian forms, the short 
vowel in the second syllable marks the singular, and the long vowel the plural; 
but on this point I would not be positive. The Behistun inscription has dttund 
for “our persons,” which differs from dttua only in the affix. 

15. I cannot speak with confidence as to the analysis of the pronoun of the 
first person plural, not having yet met with it in its Assyrian form. I conjec- 
ture, however, that the Hebrew anakhnu consists of the same verbal root which 
eommences anoki, a noun signifying “a society, or company,” and the posses- 
sive affix, nu, “our.” It would thus literally represent, “ Here is our company.” 
The Arabic form nakhnu, which is also occasionally met with in Hebrew, is a 
contraction of this. The akhnu of some Syrian dialects may be a further con- 
traction of the same ; or it may be, “‘ our company,” simply, without the verb. 
In support of this conjecture, I observe that the Arabic and Chaldee root akha 
actually signifies “to connect ;” and that the only Egyptian pronoun of the first 
person plural, which has yet (so far, at least, as 1 am aware) been discovered, is 
a noun with affix, “ our body ;” the word implying a union of members, and the 
compound being consequently very similar in its meaning to akh-nu, interpreted 
as it is interpreted by me. 

16. I have already said that the pronouns of the third person are also used 
to express the remote demonstratives that and those. They are for the singular 
in Assyrian shu, contracted sz, and sihi, contracted si; in Hebrew hz, hé, in 
Arabic hita, hia. The resemblance of these to the Greek ho, hi, the Mzso- 
Gothic sa, sd, the old Persian huwa or hid in the masculine, not found in the 
feminine, the Zend ho, hd, and the Sanskrit sa, sd, has been already noticed by 
many. It isindeed quiteobvious. In the plural the resemblance is less close; 
the plural forms being derived from the singular ones according to the genius 
of the different languages. I need only state that the Assyrian forms are sunu 
and sina; the Hebrew, him or himma and hinna; and the Arabic hum and 
hunna. 
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17. The Assyrian pronouns of the third person are not attached to verbal 
roots in the same manner as those of the first and second are. The forms cor- 
responding to lamad, laméda, lamédu, would be lamdd,* lamddt, lamdi, and 
lamdé; the Assyrian distinguishing the gender in the third person plural; as 
the Arabic and Syriac do, but the Hebrew does not. The Assyrian tense of 
which I am speaking is used to denote state, or continued or habitual action. 
Transient action, whether past, present, or future, is denoted by some tense, 
the persons of which have the preformatives of what is called the Hebrew 
future. There are four such tenses in each conjugation. 


10th June, 1854. 


* Or lamid; both are used, and, as it appears to me, indiscriminately. 
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Il.—On Dreams. By the Rey. James Wits, D. D. 


Read May 28, 1855. 


ly all inquiry to which the name of science can have any just application, there 
should be found some data capable of being precisely observed, and communi- 
cated with sufficient evidence. The theories of the human understanding offer 
many exceptions. Too often, the experimental instance, from which alone sure 
inferences can follow, is not only confined to the mere apprehension of self- 
consciousness, but even removed beyond the scope of immediate or direct atten- 
tion. It is, indeed, to be observed, that it seldom occurs that the processes of 
the understanding are themselves the objects of thought; they are, for the most 
part, so involved with whatever may happen to be the subject matter of consi- 
deration, that it is only by a very laborious and difficult effort of recollection 
and analysis that they can be recalled and separated. If such obstructions are 
to be encountered in direct observations of the mind in its normal state, it may 
be felt with how much diffidence any attempt must be entered upon to offer a 
distinct and grounded theory upon the most vague, indistinct, and evanescent 
operations in which the thinking faculty can be engaged. 

Under this and other difficulties from the same causes, with which I will 
not weary your attention, I offer the following observations and inferences 
both as illustrative of views already submitted to the Academy, and as a further 
contribution to that mass of experiences on the ground of which the theory of 
mind may, at least hereafter, attain some reliable substance. 

It would, I am persuaded, be a hopeless undertaking to ascertain upon un- 
questionable ground of observation the initial process of the mind in dreaming. 
Mr. Stewart, with his usual facility, has offered very specious explanations; but 
these I have already shown* to be inconsistent with his own theory, as also 


* Transactions, Vol. xix. 
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with the facts of observation. I should, indeed, wholly omit this consideration, 
were it not that there are some ascertained facts which lead to much interest- 
ing suggestion, and which, at worst, will help to give theoretical connexion to 
my subsequent statements. 

The theory of the nervous system is popularly familiar, and generally 
received, so far, at least, as I shall have occasion to employ it. It seems to 
offer some highly probable grounds for the solution of the proposed question. 
The application, I must confess, is in some degree conjectural; and for this reason 
it shall be discussed as briefly as can. According to their general theory, the 
nerves seem to be, or in some way to contain, the furthest ascertainable media 
of communication between the mind and the corporeal machinery through which 
it operates; and, to the utmost extent of observation, this connexion seems, 
without any exception, to extend to every operation of the mind, whether mediate 
or immediate, and this in such a manner that if the nervous theory were to 
be even rejected, still there is clear evidence of some equivalent medium of 
communication, to which all that I shall have to state will equally apply. 

Secondly. There is sufficient ground to presume, that in proportion as the 
sense or local function, for the operation of which any set of nerves are employed, 
becomes more fine and rapid, there must be also a more susceptible and quick 
organization of those particular nerves, such as would be shown by a tendency 
to act upon fainter impulses,—as, for example, the delicate and infinitesimally 
minute gradations of the action of the retina or optic nerve, compared with the 
grosser sense of external touch. Of this gradation of sensibility there can be 
no doubt. My present purpose only requires the assumption, that the nerves, 
or nervous branches which act more immediately within the brain, are consi- 
derably more susceptible than those exposed to external influence. Thus, an 
impulse too slight to be sensibly operative on the exterior terminus of the ner- 
vous conductor may yet be supposed to propagate a far more active motion in 
the cerebral extremity. 

One more well known condition will complete this application of the nervous 
theory. It is an admitted fact that the nervous sensibility becomes depressed 
by the wear or waste of daily use, and that this loss is repaired in sleep. The 
continued operation of some of the vital functions during sleep seems, at the 
same time, to indicate that this suspension of nervous activity which then occurs 
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is capable of partial and local inequalities. Now the nerves connected with 
the exterior of the frame, and immediately employed in relation to external 
objects, are the first to become inert, and the most liable to this temporary 
suspension; while the very occurrence of the dreaming state, beyond doubt, 
proves that the brain can be in active operation, while the external nervous 
tissues connected with it are in a condition of great comparative inertness : thus, 
too, establishing very fully the former condition, by the indication of a higher 
degree of sensibility, in the special instance that our argument requires. It is by 
no means necessary to infer that this condition of protracted wakefulness of the 
brain is constant or total; it may, consistently with the utmost inference here to 
be sought, be supposed to be in all cases largely affected with the exhaustion of 
the entire system; but it is plain that, in whatever degree, the brain may be awake, 
while the external sense is lost in sleep. Now we are thus led to one very proba- 
ble explanation of the occasion or initial process of dreaming. From the condi- 
tions thus described, it is easy to conceive that some accidental dull impression 
on any of the outer termini of the nerves, too faint to break the repose of sense, 
may still be capable of transmission through their habitual channel to the region 
of the brain, with enough of power to communicate movement to its finer appa- 
ratus ; and thus by the reciprocal action (whatever it may be) between that 
organ and the mind, generate those ideal aberrations of thought known in 
dreaming. 

It is evidently not necessary to restrict the application of the foregoing infer- 
ences to the operation of the nerves from the external surface. A1l that has been 
said will equally apply to any dull sensation through any nervous branch which 
has its terminus in the brain,—nor is there any reason against the assumption 
of some slight exciting impulse, having its origin within the brain itself. The per- 
petually active element of mind offers a probable ground of extension to this 
theory. There is no reason to exclude the fount and origin of thought from a simi- 
lar claim in the origination of a process of which it must itself be an essential 
element. But, beyond this allowance, any further explanation upon grounds so 
little within the scope of observation, would be the merest empiricism. 

Numerous delicate processes, regular and irregular, mental and material, 
latent and observable, are hourly taking place in the vital compound so “fearfully 
and wonderfully made.” Disturbances too minute for the senses may vibrate 
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perceptibly on the delicate and subtle machinery subject to, and immediately 
acting on, the transcendental and mysterious element of man’s immortal part. 
To exclude the possible agency of undiscovered causes in this wholly inscru- 
table essence would be to carry theorizing to arash extent. In such an inquiry 
we must be content to steer with caution round the shores of impenetrable 
regions, and to obtain partial glimpses of heights little distinguishable from the 
clouds and thick darkness which surround them. 

I cannot leave this part of the subject without observing the fact, that many, 
perhaps most persons, are occasionally liable to sudden, and apparently sponta- 
neous, impulses and impressions, not to be traced to their origin. A sentiment 
may cast its light or shade, without any recollected antecedent. A slight de- 
rangement of some corporeal function will react on the mind, and awaken some 
morbid mood, of which the cause is too feebly operative to be felt. A particular 
idea, or phrase, or tune, unlooked for, unsuggested by any known process, will 
start from the mind’s vacuity, and be fora day reiterated, and then wholly for- 
gotten as any dream. 

All such incidental intrusions are, without metaphor, actual dreams, modi- 
fied by the accidents of the waking state of the dreamer. The actual occupation 
of the external sense, and the control of external disturbances, prevent the fur- 
ther development of the tiny ideal ripple, and it is lost in the swell and current 
of waking thought and action. Upon the whole, the reasonable inference 
appears to be, that the fine intermediate material organism, through the agency 
of which mind and body must reciprocally affect each other, must be suscep- 
tible of indefinitely small degrees of whatever may be its appropriate action. 
And as, in many more strongly marked cases, no doubt exists as to the nature 
and existence of such agencies, so we can have little that they must be indicated 
by those here described.* 

The mechanism of the intellect must be capable of such excitement as may 
be transmitted by any of the senses. And the next consideration is in what 


* Iam the more particular in urging the above considerations, because Mr. Stewart, and 
inquirers of his school, who are to be regarded as adversaries, have assumed the necessity of some 
traceable antecedent in all cases. Such is, indeed, the foundation of Mr. Stewart’s theory of Mind, 
as the conclusion directly opposed to it, is the foundation of that comprised in this and the pre- 
ceding essays, and, I trust, conclusively argued in the first. 
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manner, or according to what laws, the excitement so conveyed would be likely 
to operate. 

During the suspension of the ordinary corrections and interferences of sen- 
sation and waking purpose, it would, as I have said, be conformable with a wide 
analogy to assume that the brain, or whatever may fulfil the office ascribed to it, 
should, like every organization adapted for any end in nature, when excited, 
act according to its main law of action or tendency. Now, this proposition, 
which is evident enough to sound like a truism, will lead to a highly probable 
train of consequences, which can be verified as facts of observation. The next 
step, then, is to ascertain this law. 

When all the grosser excitements from without have subsided, and the 
mind may, by any such means as may consist with sleep, have been excited to 
a partial resumption of its activity, it will follow from the foregoing rule that 
the resulting operation is likely to be directed and governed by whatever may 
be its most constant and prompt law of action. Now, in the first section of this 
inquiry, published in your nineteenth volume, I have shown the primary law of 
human thought, ever framing and governing our ideas and their succession, to be 
that combining tendency to which I there traced Mr. Locke’s law of Association. 
And in the same Essay I have already traced its very observable operation in 
the instance of dreams. I am now to follow out the consequences ;—but first 
let me call your attention to a very interesting confirmation of this law. 

In dreams, as in the waking state, everybody must be aware that there are 
two very distinct classes of combinations,—the fixed and the transient. Of 
these, the first-named are our permanent complex ideas, as, man, horse, &c.; the 
second, those local and accidental associations which arise and pass with all the 
changes of circumstances. Now, the curious peculiarity which I wish to explain 
is this:—In dreams, however monstrous and unlike reality may be the succes- 
sion or concurrence of ideas, still the objects of fixed combination are exempt 
from this confusion, and retain the indissoluble unity which belongs to our wak- 
ing experience. One thing may pass for another,—the coincidences of time, 
place, and incident, may be impossible; ideas vague and incongruous beyond 
insanity may pass through the brain, but the law of form is undisturbed. The 
human head will appear on human shoulders, according to the Roman critic’s 
rule. The fixed idea, of which the components are simultaneous, and beyond 
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the scope of any change provided for in the habitual operations of thought, or in 
any way but by the most deliberate exertions of waking will, cannot be decom- 
posed in the inadvertent and passive wanderings of the mind in sleep. The 
force of this law may be illustrated yet further by an incident of frequent ob- 
servation. It is often remarked, that persons seem to those who dream of them, 
to act and speak in character; that is, according to the dreamer’s notion. The 
familiar habits and known characteristics must enter into the conception of indi- 
viduality, as much as any outward attribute by which a person is to be known. 

But while the fixed combinations will thus, by a fundamental law of mind, 
maintain their integrity; and while also the spontaneous combinations of the 
mind will, though somewhat vaguely, follow the habitual standards of con- 
struction, as formerly explained,* the large class of accidental ideas, which are 
wholly contingent in their shiftings 4nd concurrences, and without constant 
relation among themselves, will in dreams come together in violation of all the 
laws of possible or probable order. 

To explain, so far as they may be explained, the law by which these devia- 
tions are governed, we must, in addition to the elementary principle of associa- 
tion, take into account two conditions which are easily identifiable. First, the 
total or nearly total absence of the discriminative faculty by which, while awake, 
we can discern and estimate the real relations of our ideas on present objects, — 
the true or false, probable or improbable, fit or unfit. Secondly, the generally 
visible character of the ideal phenomena of the dream. Of these conditions, 
which are the most common and characteristic peculiarities of the state of dream- 
ing, most persons must be aware. They must, from their nature, be mainly 
stated as facts of experience. 

Of these, the first mentioned is very probably but an instance of the general 
depression of the more active voluntary power of the mind, caused by the abate- 
ment of the nervous sensibility, and not caused by essential change in the opera- 
tions of the mind, It seems, indeed, evident, and is, I think, of some importance 
for the explanation of much in this theory, to keep in view the nearly self-evi- 
dent presumption, that a far higher amount of nervous life may be requisite for 
the more strenuous operations of thought. And thus, as the depression of this 
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element is capable of every degree of increase or diminution, the occasional 
exceptions can be explained by supposing a more than usual presence of the 
nervous activity. As, however, will more fully appear further on, these excep- 
tional instances are mostly unreal, and to be otherwise explained. For the 
most part the suspension of the active processes of thought is entire; the proper 
course or process of dreaming is a train of ideas, not operations; a distinction 
the better to be apprehended by observing that the acts of discrimination, atten- 
tion, reasoning, will, contriving, are not ideas, but exertions of active power. 
The general absence of discrimination in dreams is verified by universal expe- 
rience. Most persons are aware that the most monstrous and impossible coin- 
cidents excite in the dreamer neither wonder nor doubt; and that the most 
inconsequent inferences appear quite reasonable and true,—how wholly the 
sense of identity and diversity is lost. One person, by some unnoticed transi- 
tion, becomes converted into another; and it is not until the dream has recurred 
to waking memory that its absurd confusion of ideas becomes exposed. 

And here, before I go further, it may be well to guard against what may be 
considered as contrary instances. There is no operation of any active power 
that may not in some particular instances become the habit of the mind, and 
pass as a component into its permanent forms and constant combinations. Some 
opinion involving*comparative merits, some familiar line of professional inquiry, 
will seem to occupy the reasoning faculty by reproducing the inextricable form 
which it contains. There is some act of judgment, some presence of will 
and purpose, connected with all action; and thus, when action becomes in any 
way represented, the shadows of will, reason, and judgment will seem to mingle 
with the shadows of our dreams. A lawyer may dream that he is applying 
some rule of court, or some familiar precedent. A mathematician may enjoy 
a momentary triumph over some slippery solution that has eluded the grasp of 
waking reason. But in such instances it will mostly occur that the morning’s 
recollection will present.the matter under the formless aspect of some strange 
inconsequence. The rule of reason may be correct, but it will have stumbled in 
the conclusion. This explanation will appear the more satisfactory if it be 
observed that the simultaneous occurrence of the glaring absence of any function, 
together with its seeming presence, plainly indicates the substitution of some 
other mode of operation by which two apparently opposite conditions may be 
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reconciled. A dreamer may seem to be engaged in grave and earnest delibe- 
ration upon some matter of seeming weight, and really no meaning, while the 
most monstrous impossibilities are passing unheeded. The seeming operation 
of the reason is, in all such cases, an illusion of memory. And the same expla- 
nation will, in most instances, similarly apply when the active operations of the 
intellect appear to be involved in the process of a dream. 

I have next to explain the other proposed condition, which is the apparent 
visibility which mostly belongs to the ideas of a dream. This—itself a con- 
sequence of the great primary law of association—is the main element in the fan- 
tastic and seemingly disordered transitions peculiar to dreaming. The larger 
portion of the ordinary objects of human thought (at least as concerns the mass 
of mankind) consists of things visible. These are, more or less, mixed in every 
pursuit, and have place in every course of action,—they are the symbols of the 
unseen,—and it is difficult to think of anything as real existence without invest- 
ing it with the characters of visibility. The analyst who has to deal with invi- 
sible realities is compelled to have recourse to visible symbols, and clothe his 
thought in signs. And if we look for the exception,—it will only be found in 
the idle mazes of metaphysical abstraction, in which terms are the representatives 
of imaginary and unreal ideas. In the active concerns of waking life, visible 
objects, and the conception of things visible, occupy the scope of thought, and 
facilitate those habitual and superficial uses of reason which are necessary and suf- 
ficient for the common occupations of the world. And it needs not to be added 
that the sense of sight is, more than all other senses and faculties, constantly 
and widely employed, and a main element in every movement of waking life; 
or that waking life is dimly and confusedly reflected in sleep, in the ordinary 
languor and nervous collapse of which, only the most habitual and easiest seized 
ideas can be entertained, and these, for the most part, indistinctly. 

Consequently, when the senses and active powers of the mind are depressed 
by sleep, the ready associations of form and colour offer themselves on the 
slightest impulse which can excite the cerebral action. But, in whatever way 
it may be explained, such is the actual fact,—the dream is mostly a succession 
of visible objects, accompanied by indistinct apprehensions of their purport or 
consequence. 

We have next to consider the application of these conditions. When the 
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idea of some object is presented, during the entire suspension, both of the cor- 
rective of actual sight, and of the discriminative power of the reason, nothing 
remains to distinguish it from the reality of the object which it represents: in the 
darkened chamber of the brain the shadow becomes a reality. Dream of any- 
thing, and it appears before you; of a place, and you are there. And thus may 
be explained the fantastic groupings and transitionary scenes which move over 
the dim-lighted stage of sleep. It is easy to conceive how any ideal image may 
bring with it the idea of locality, or suggest further images which will, in like 
manner, shift the scene and courses of passive thought. Fixed attention— 
always necessary to maintain a correct apprehension of the succession of ideas, 
and maintain the current of connected thinking—requires the energy of waking 
purpose. ‘There is no power in operation to prevent that lapse of memory, by 
which these improbable transitions pass unheeded. Ideas move on like the 
figures in the magic lantern, which are lost to sight as they pass,—the incon- 
gruity is unperceived, not merely from want of judgment, but of memory,—the 
end has forgotten the beginning of the dream. 

In the nearly unlimited mixture of the objects and incidents of daily life 
there is generally no object or circumstance which may not form portion of 
numerous accidental combinations. And hence it is, that any idea which can 
occur may lead into countless tracks of mental wandering, and the wildest con- 
fusion of place or incident. The laws of occurrence are known by experience, 
and this customary knowledge is the law of waking reason; in most minds kept 
clear by external perception, by purpose, and the heedful attention of all those 
powers of reason (in whatever they may consist), which guide the slightest move- 
ments of life. When these controlling conditions are understood to be suspended, 
it is easy to apprehend how the consequences so far explained must follow. 

If the operations of the brain in dreams were, as might antecedently be 
assumed, uniform, my task would now be ended so far as respects the mere 
theory of dreams. But such is not the case. Allowance is to be made for 
occasional instances which seem, as they are stated, to be exceptional. And 
—what more concerns the purpose of this inquiry—there are connected with 
the subject some curious incidents which connect it with the general theory 
stated in the preceding essays. I may commence with the latter, as having most 


importance, as well as most of common interest. 
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As a dream may involve the impression that the dreamer is reasoning or 
judging, so it may, in like manner, and on the same principle, involve any other 
impression to which the individual happens to be subject, or which may be a 
component in the combination presented by the mind. Among these com- 
ponents there are, in every instance, some which are less the objects of attention. 
On this point it will much conduce to clearness to revert to the general statement 
offered in the commencement of this inquiry:—“ There is, in those who are in 
any state of consciousness, at all times, a certain aggregate of things [conditions 
of any perceptible nature] presented to the perception. Of these, some may 
become more prominently the objects of attention, and the rest will invariably, 
in the same proportion, become vague and indistinct. The perception of indi- 
vidual parts of this vague whole will, in general, not be separately recollected, 
because they have not been separately observed,’* &c. Itis to these vague com- 
ponents that we are to look for the solution of some of the most curious questions 
concerning dreams. Connected as essential conditions of the reality, the past 
existence, and anticipated futurition, and other similarly unobtrusive com- 
ponents of nearly every state of waking consciousness, they enter in like man- 
ner, with a vague efliciency, into dreams, and impart the sense of an imaginary 
past and future; and a host of concomitant apprehensions, some in their nature 
constant, some transient, according to the main character of the combination. 

From this may be explained the fictitious memory so often present in dreams. 
In some cases there is, however, with this more vague and general impression, a 
train of antecedents essentially contained, not so much in the association, as in 
the nature of the incident. This, too, is very common,—everything that happens 
is in some respects a consequent,—and the determining condition must be in 
the tendency of any supposed incident or state of things, to carry with it to the 
mind the apprehension of its antecedents. If this apprehension were to be very 
distinctly obtruded, it would have the effect of changing the course of a dream. 
But as, in general, the relative proportion of mental combination is preserved, 
the effect is probably not often produced in this precise manner. It is, how- 
ever, likely sometimes to occur, in the absence of all the governing and control- 
ling powers of reason and the senses, that these more feebly marked components 
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may obtain somewhat more than their relative nearness to the apprehension, 
which may help to explain the seeming lapse of time which sometimes charac- 
terizes a dream. The idea of time, like that of place, is a constant in every 
objective suggestion,—and the idea of succession’ essentially contains it. The 
consequence will be found to extend very far. I have already explained, in my 
examination of Mr. Stewart’s theory, how there occurs in dreaming a sort of 
perspective illusion, due to this law, by which antecedent and consequent inci- 
dents may be so wrought out from association as apparently to stretch out into 
an imaginary past and future, and to involve a seeming lapse of time, as a future 
seems to contain the element of distance. This offers the true account of those 
instantaneous dreams which sometimes occur, and leads to a conjecture that, in 
general, dreams may pass in less time than they seem to occupy. 

It is with some feeling of reluctance that I turn for a moment from my direct 
line of statement to observe upon the confusion by which this part of the subject 
has been rendered somewhat difficult to deal with. The errors of Mr. Stewart’s 
ingenious theory have, I trust, been fully shown in my first essay. I have there 
proved that, contrary to his assertion, he assumes a wholly new law of mind for 
dreaming,—a law not warranted by any indication, and directly contrary to the 
observed processes of waking thought. Habit, which he applies for one use 
when awake, performs at his beck the precise opposite part in sleep. Com- 
pressing by acceleration a number of separate volitions and attentions into a 
point of time too minute for distinct apprehension,—he endows the sleeper with 
a power of inconceivably rapid analysis, such that the synchronous events of the 
same infinitesimal instant can be deliberately contemplated in separate distinct- 
ness. But this is not enough,—his instrument is one which, however aptly it 
may be applied in one case, has no application in the other. The waking com- 
bination is admitted to be the work of habit, though not precisely as explained 
by Mr. Stewart,—but the ordinary sequence of a dream is of all imaginable 
succession of ideas the least possible to be brought under this law, according to 
the hypothesis. The connexion of constant recurrence is wanting. But, fora 
moment, assuming the strange analytic power devised by Mr. Stewart, it becomes 
a consequence from his theory (of separate volitions and attentions), that the 
same analysis should reach to the similar decomposition of every idea presented in 
sleep. Ifthe imaginary succession were always strictly habitual, some deduction 
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from the force of these objections might be allowed. But it cannot be allowed 
that separate ideas, of which the synchronism is impossible in conception, of 
which the nature involves separate apprehension and mutual remoteness, could 
by any known law of mind be brought by habit into the instantaneous compass 
of a single instant. Even if we were to admit Mr. Stewart's theory, it is plain 
enough that the result in question is not a consequence. If true, it must be 
otherwise explained. 

Now as to the fact of such dreams, I am ready to admit, to the full extent 
of the statements which I have often met, that they sometimes occur. But Mr. 
Stewart’s theory led him into the mistake of assuming them to be the only form 
in which they may occur. On this point it is unnecessary to detain your atten- 
tion. Itmay be enough to affirm that, from the ordinary experience of mankind 
it seems probable that most dreams occupy the time which the same succession 
of ideas would require in waking,—there seems, at least, no ground for the con- 
trary supposition. Waking, too, as well as sleep, has its fits of instantaneous 
conception. But in addition to the causes of illusion already mentioned, it may 
be added, as well known, that the dreamer’s impression as to the character of 
the imaginary phenomena of his dream is in most instances very different from 
the more distinct recollection to be obtained after waking. The inference 
would seem to be that the imagined sequence of incidents is not, in most 
instances, what it has appeared to be: a gleam of sober light streaming into the 
vaporous medley of broken associations may have given a character of form and 
connexion such as fancy discerns among the clouds. There are in the mind 
habitual tendencies as well as combinations. 

But a subject of more interest is that of the law which seems to regulate 
the actual recollection of a dream. This topic is here of the more importance, 
as it has a very material bearing upon the explanations of the law of memory 
already ascertained in the previous parts of this inquiry.* 

Of this there are three distinct cases to be noticed. And first, as more 
directly including the principle, the case in which the incidents of one dream 
are distinctly recalled in another. Dr. Abercrombie and other medical writers 
have observed that there exists a community of consciousness tending to produce 
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the same affections or trains of thought in the recurrence of similar states of 
insanity, delirium, and, if I rightly recollect, dreams; while these affections 
are wholly forgotten in the intervals of sanity or waking. I am not aware that 
this remarkable fact has been traced to any cause in the nature of the mental 
operations, before the explanation offered in my essay on Accidental Associations, 
in which I have briefly introduced these cases for illustration. By the law of 
association any portion of pastideas or events can only be recalled as a constituent 
part of some whole combination, whether of incidents, or visual objects, or ideas, 
or states of feeling. And this is equally true whether the combination be acci- 
dental and transitory, or habitual and fixed; this is the ideal chain which con- 
nects the Present with the Past. Now, to apply this; in dreams, or in various 
states of mental disorder, the mind becomes employed upon combinations mostly 
' so very different from those in its ordinary normal condition that no real inci- 
dent is likely to occur in the sane or waking state that will not be more nearly 
associated with real sane and waking incidents and combinations, which will 
thus, as it were, interpose. And further, in, perhaps, most instances there 
passes no idea that can be sufliciently represented by any real incident; the fan- 
tastic train of shapeless impressions is isolated so wholly from the province and 
habitual courses of waking thought and real incident, that there can be no index 
for the search of recollection. This explanation applies in its full extent to 
insanity and delirium, and has a partial application to dreams. In dreams, the 
leading ideas are commonly the same as belong to the waking habits of the 
dreamer; and hence the variety of cases. But the actual recurrence of the same 
or nearly the same ideal wandering, must become, on the same principle, likely 
to occur when the mind happens to be similarly affected. To confine my state- 
ment to dreams, it is to be observed that in the entire absence of all interfering 
impulses from without, there is a presumption that the same internal suggestion 
will, when repeated, be similarly propagated; and, by the ordinary process of 
combination, recall the same train as in the first instance. Thus, at distant 
intervals, one may find himself wandering in the same labyrinths formerly visited 
in a dream, and never known elsewhere. 
This recurrence could not be known unless recollected when awake; and we 
are led to another and more interesting consideration, in what way a dream is 
© to be recollected, as every one must know it may be, many hours after dream 
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and sleep have passed away. Now, according to the principle of recollection 
which I have explained, it would be impossible to have any such recollection, 
unless in one of two cases, both of frequent occurrence: either when the dream 
happens during, or rather immediately before, the waking from sleep,* or when 
it contains some feature or component of waking life. But such is the law of 


recollection, that the slightest glimpse of association, if not too long deferred,. 


will recall the whole. After some time this clue will have passed, as the inci- 
dental association will, in ordinary instances, be more likely to bring other asso- 
ciations with it: but without this condition, the details of a dream must be wholly 
past recall. Even in the instance of immediate waking, it is frequently ex- 
perienced that a dream which dwells for a few minutes upon the mind will 
pass away so completely, that no effort can recall it, for want of any condition 
which can be distinctly traced. I suspect that in such cases it will mostly 
have happened that the dream will consist of some one of those vague impressions 
to which most persons are occasionally subject; results, more of constitutional, 
or mental tendency, than of any distinct idea, or real incident. Thus the sense 
of some great evil or good, without any definite conception that may have shape 
or substance, will leave the mind under its impression, and the nerves of joy or 
grief, triumph or frustration, for a while may vibrate without any trace of the 
occasion or moving cause. 

A more curious instance, and of most interest for the illustration it affords, 
is when, after some time, the want of the requisite link of association happens 
to be supplied by some incident which instantly (for the first time), recalls a 
dream. Such an incident will mostly be something very slight and casual, 
which, but for that which it recalls, would hardly be noticed; for otherwise it 
would be more likely to recall some waking incident. When, however, the case 
so occurs, and the attention happens to be attracted by some trivial incident, 
uncombined with any near or striking association, but that ofan unremembered 
dream, the shadow will instantly start up to the memory from the depth of the 
past night’s sleep, and a dream be distinctly recalled. 


* I do not think it necessary to comment on Mr. Stewart’s explanation on this point, not only 
because it is too manifestly contrary to experience, but as it does not interfere with my theory of 
the mind. His notion as to the manner in which dreams occur in the act of waking, is, like his 


entire theory of mind, founded upon an imagined necessity, which I have, I trust, proved to have 
no existence, 
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When the dreams of the past night are such as may be described as in some 
measure representing the ordinary incidents of reality, it is remarkable how 
several successive dreams, without any interval of waking, will be recalled; and 
this is the more to be remarked, as both theory and experience appear to prove 
that it is in the deepest sleep, when the processes of the brain are most likely 
to fall into some regular course of operation, that the most vivid and longest 
dreams occur. To eradicate the recollection of such, the intervening intervals of 
sleep have no power, as the real principle of recollection is not interfered with by 
mere discontinuance. And it is evident that, in addition to this principle, there 
may, as in the case already noticed, exist'an impression, or a continued affection 
after waking, left by the wave of agitated thought. Such an assumption is pro- 
bable, though not within the scope of theory. 

Generally when there is an utter incongruity in the ideas of a dream, it must 
from the same reasoning appear, that any recollection will be impossible. The 
occurrence of such instances must be rather matter of inference than of obser- 
vation. Such seems to have been the description of the King of Babylon's 
dream. Recalling this portentous dream, as detailed in the eleventh chapter of 
Daniel, this application will be at once apprehended. In the structure of the 
symbolic image there was not one tangible link of ordinary association, 
but a sense of vague terror impressed on a superstitious mind. Distinct recol- 
lection was not possible. The dream presented an aggregation of incongruous 
members which, however apt to signify an unknown concurrence in the Future, 
possessed no link of affinity with anything in fact or nature. The monstrous 
and spectral shadow left the king’s mind under the impression of a mysterious 
horror; but, as must have happened, the thing had “ gone from him.” 

This is, very probably, the most usual species of dream. And if so, it is 
also likely that most dreams pass entirely from the memory. 

Such considerations may suggest some reflection on Mr. Locke’s assertion, 
that “ the soul thinks not always.” I should be far, indeed, from presuming to as- 
sert the contrary :—but the reason given, “for this wants proofs,” is a manifest fal- 
lacy. The want of proofs is a good reason for abstaining from positive affirmation; 
but, considering the preceding statement, it may be applied also in an opposite 
direction,—for it appears that the soul may possibly think so as to leave no 


« proof. The thing is improbable; but the accident which recalls a dream, which 
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without it would be wholly unremembered, raises a presumption that the mental 
element of our compound nature may, for anything we can ascertain, be always 
more or less in a state of operation. 

The incidents of life, as they recede into the distance of our early days, fall 
more or less into dim groups under some few leading remembrances, by which, 
when accidentally revived, they may recur to the memory. On the other 
hand, the incidents of the Present possess a separate identity of their own; and 
are in general severally and forcibly apprehended. They are, for these reasons, 
something less likely to be recalled by slight or indirect suggestion, or to be 
quite compatible with the continuance of sleep. Hence, it may be, that when 
the ideas of the dreamer have any distinct connexion with the realities of wak- 
ing life, they are mostly relative to distant times. The faint and shadowy inti- 
mations which bear the imperfect outline and dim colouring of distance harmo- 
nize best with the remembrances of the Past. It will thus oftenest happen that 
the persons appearing in dreams are those who have not been recently known,— 
often the dead. 

Many other curious illustrations might be found in the close observation of 
the nature of dreams; I will here, however, only further notice a few incidents 
of more common occurrence. It often occurs that the dreamer thinks himself 
to be engaged in preparing for some purpose, of which the actual execution is 
not directly included in the preparation. Take, for instance, a case to be 
argued; a discourse to be delivered in public. In such cases all the constant 
circumstances, as, form, time, place, assembly, will come in order; but the spe- 
cial matter, not being included in the general combination, will be wanting, and 
the purpose will end in some strange frustration:—the Court will be seated, or 
the shadowy audience met, but the business in hand makes no progress; the 
lecturer has lost his notes, or the lawyer left his brief at home. For, by the 
operation of the same law of mind, some such notion is likely to occur. Many 
persons, whatever may be their profession, will, in the earlier part of their pro- 
fessional course, have had their apprehension led to a knowledge of all the 
embarrassing contingencies against which it is the business of care and precau- 
tion to guard; and the confused sense of failure, necessarily consequent on such 
dreams as have not any special subject-matter included in the leading idea, must 
thus lead to some preconceived solution of the embarrassment. 
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Abercrombie, and others who have professedly or incidentally taken up the 
subject of dreams, have related instances which are not easy to explain on the 
principles of any theory. It is not unlikely that most of these are of the nature of 
somnambulism. This disease has, however, itself one valuable application in the 
present theory, as in some of its forms it exemplifies the main difficulty by which 
it seems to be incumbered. That is to say, it proves the extent to which the 
mind or the brain may be in a state of considerable activity, while the common 
consciousness of our ordinary waking state is wholly suspended. There is there- 
fore the less objection against the assumption of any degree of mental excite- 
ment or activity in the state of sleep that any given case may require,—though 
in the ordinary condition of sleep the mental activity is comparatively feeble ; 
and it must be allowed that the result of any more than ordinary stimulus should 
occasion the ending of a dream. These cases may, however, be to some 
extent explained from the conditions of the theory of the preceding pages. 
For instance, I take the rare and seemingly unaccountable case, in which some 
thing lost or mislaid beyond any effort of the waking memory to find, has been 
found by some intimation in a dream. Now, I should certainly not much blame 
any sceptical inquirer for treating such an instance as on a par with most 
ghost stories. But it will not appear unaccountable that it might be true if it 
be called to mind that the feeble and remote association which the very effort 
of recollection must have only put aside, by the interposition of many and per- 
plexing possibilities,—is just the very first idea that is likely to offer itself in 
sleep, when, the key of suggestion being touched, some true combination will 
return the actual circumstance as it happened, undisturbed by any interference 
of will, or useless effort of reason, by the true and only condition of memory. 
Thus, the old parchment, or the key, when suggested to the thoughts in sleep, 
will not be sought for by the perplexing consideration of numerous possibilities, 
each of which but tends to mislead; instead of which, the mind is conducted 
at once by the simple and uniform working of a uniform law, to the single inci- 
dent which it offers. In the habitual paths of waking life the mind is placed in 
the current of contingencies and routines, amongst which it is steered by habits 
rather than by distinct efforts of reason:—and the common course which most 
men follow, depends much more than is commonly assumed, on the succession 
of incidents, and the customary courses they impose, than on the independent 

D2 


28 The Rev. James WiLs on Dreams. 


use of reason. Instead of what I may call the processes of mental power— 
active or passive—we are carried forward by the force of an external stream ; 
and our errors or failures also result from the same current which decides our 
course. Itis not improbable that it may sometimes happen that the elementary 
process on which reason itself is dependent may chance to supply the light 
which is its peculiar property, when this light has been vainly sought amid the 
glare of the myriad cross lights of waking life. It is that, while reason treads 
the thousand paths of error, the dreamer follows the law of association. 

In this latter statement I only desire to indicate how this theory can be 
applied to exceptional cases. It is not, however, necessary that this should, in 
all such cases, be possible,—our knowledge of the mind, however correct it may 
be supposed to be, must still be incomplete. Our lights are closely shut in by 
profound obscurity. We are not without mysterious indications of a psycho- 
logical nature, wholly beyond the compass of ordinary experience,—and as 
nothing in nature can have beei without its design arid scope of operation, so 
we cannot say at what hidden boundary in the workings of mind other laws 
than those we deem familiar may perform a latent part. Of such it is not the 
business of this essay to speak. 

I am not aware that I have omitted the consideration of any of the more 
ordinary phenomena of dreams which may appear to claim any distinct remark. 
By observing that the state of the mind and body in sleep admits of many degrees 
of intensity, allowance is made for many distinctions which it would require 
much time and space to discuss; as, upon a topic so little known, it would be 
hazardous to offer statements without much cautious examination, and many 
refined distinctions. And it is but fair to allow, that I omit some considera- 
tions because I have not been able to satisfy myself as to the truth of any expla- 
nation I could find. It is not, for example, easy to reconcile with this, or any 
theory consistent with the ordinary phenomena of dreams, the cases which have 
been, in some few instances, alleged; of dreams in which the mind would 
appear to act according to the ordinary laws of its waking state. It is, indeed, 
a curious feature of these cases, and in some degree significant, that music and 
verse seem to have been the result. I must confess a doubt. But I trust I 
may be forgiven by the irritabile genus which trades in these kindred arts, if I 
observe, in explanation, that both the verse and music, which are the ordinary 
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product of these acts, consist very mainly in the current of verbal and rhythmical 
suggestion, or the similar association of notes and time, most reconcilable with 
the theory of dreams. It is also easy to conceive the peculiar state of mind under 
the possession of some dominant inspiration which may give its modulation, or 
particle of meaning, to the strain. But, with all allowance, I cannot but suspect 
that a little retouching and somewhat of exaggeration must be allowed for, 
unless something more than sober philosophy will grant, be ascribed to the in- 
spiration of youthful poets when they dream. 

I have only now to add, that I am not without some humble trust that the 
explanations of this part of my inquiry into the laws and processes of the human 
understanding will be found agreeable to the known phenomena; and also fairly 
consequent upon the results formerly obtained in the essays already before the 
Academy. 

Two further topics, which will admit of a joint discussion, remain to com- 
plete the inquiry which I have undertaken. The illustration of the main prin- 
ciple which I have endeavoured to explain, in its several applications to reasoning 
and moral sentiment, will require but a single exposition; as the process of asso- 
ciation in either may be shown to follow the same law. However various or 
opposite may be the results of human thought, or of the operations of mind, as we 
approach elementary processes, a surprising uniformity will be observed. All 
that concerns man may fall into two great divisions,—the mind and the objects 
with which it is or should be engaged. The first lies within a narrow compass 
of inquiry ; the second may be infinite,—yet has also its strict laws, which, so 
far as they lie within our compass, are the laws of reasoning and probability. 
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IlI.—On a Tablet in the British, Museum, recording, in Cuneatie Characters, an 
Astronomical Observation ; with incidental Remarks on the Assyrian Nume- 
rals, Divisions of Time, and Measures of Length. By the Rev. Epwarp 
Hrncxs, D. D. 


Read November 12, 1855. 


Tue inscription to which I now request the attention of the Academy is a 
very short one; but it records a fact which possesses some interest, and which 
Suggests some curious inferences. It is in perfect preservation ; and it does 
not contain a single word of unknown or doubtful signification, nor a single 
phonograph of which the proper reading is uncertain. The only doubts con- 
nected with it respect the mode of reading four words expressed ideographi- 
cally, two of which occur twice. 

I will begin with giving a representation of the characters as exactly as 
this can be done by means of types. I merely insert points to separate the 
twenty-one words into which the thirty-eight characters which compose the 
inscription are to be resolved. It contains eight lines, three of which are on 
the opposite side of the Tablet from the others, and form a complete sentence. 
The Tablet is marked as K. 15. 


NA 
= i = >> = >a ~< 
YM EN. Pepe. yk. pare ay. 
= A 
«a = ° < = 5 ss <I>. < ce 
y PEN Y eles 
NT NG EN 
od >> > 
a || ac 
vy sa, < _ 
Vine =o < : ay =; 
YYY 4 4 Be 
YY . yt so . ms J . 
As is usual in Assyrian inscriptions, the characters are partly phonetic and 
partly ideographic. I will first give a reading of the whole inscription, accom- 
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panied by an interlineary translation; remarking, that of the twenty-one words 
which compose it, ten are written phonetically, and in these the phonetic value 
of each character is given separately whenever the word consists of two or 
more characters. The values, or supposed values, of the other eleven words 
are given without division ; and for distinction’s sake I have placed within 
parentheses those of which the value is known with certainty, and within 
brackets those of which it is uncertain or conjectural. 


(Tumi) [tsidi] sa (yarakh) [Nitsani] (2) tumu u — [liltu] (3) mus. 
Onthe sixthday of themonth  Nisan(?) the day and the night (were) 


qu.lu(4)[shish] kaj.bu tu.mu(5)[shish] kaj.bu — [liltu] (6) (Nabi) 


equal. Six intervals (were) the day; six intervals (were) the night. Nebo 


(Marduk) (7) ana (Sarri) bi.i.ili (8) liq. rw. bu. 
(and) Merodach, to the king the lord may they draw near. 


In order to afford all possible satisfaction, I will offer a second transcription 
into Hebrew characters, distinguishing the ideographic words by parentheses 
and brackets as before. 


VID (wy) won yard (ww) pw Dm'ydI-3 WIM OID CTI“ OID] CAA) 
PDIP? Wa owas GID May :oAN] 


I will now treat of the twenty-one words in their order. 

1. The first character, which is equivalent to one formed of four wedges, 
in the shape of a rhombus, in the more finished styles of writing used in the 
great inscription at the India House, and on Lord Aberdeen’s stone, repre- 
sented the sun’s disc. It denoted ideographically “the day, the sun.” In the 
latter sense it was generally preceded by the determinative >] “a star,” or 
“a god.” It thus corresponded to the themes twm, which denoted both “ day” 
and “sun ;” and samas, which denoted the latter only. As a phonograph 
it denoted ¢w, the initial character of the former word ; to represent the diffe- 
rent cases of which it was followed by the characters for wm, mu, mi, and 
perhaps others. It also denoted sam, the initial character of the latter word, 
but only when preceded by the star. Thus, >] >] <J- should be read sam si, 
“ofthe sun;” but >] without the star could not represent sam, though it might 
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tu. It had, however, other common values, probably derived from other objects, 
which the rhombus conventionally represented. 

In dates, where a day of the month was to be expressed, it is habitually 
used alone to express the dative ¢wmi ; but, except in dates, the word is regu- 
larly written at full length, as in the thirty-fourth line of Beximo’s cylinder, 
where we have FF ZY. rY CU. EYE] i. na tu. mi su. wa, “in that day.” 

2. The second and third characters compose the word which signifies 
“sixth.” The former is the ideographic representative of “six,” like the 
Roman VI.; and the latter is a conventional sign, denoting that the other 
should be read as an ordinal, and not a cardinal number. The first three cha- 
racters may be considered as corresponding to “ D. VI.” for “ Die sexto.” 

I have no doubt that this word ought to be read tsidi; but as this is an 
inference, obtained by a rather complicated process, I place this word between 
brackets, instead of between parentheses, as I do when the word expressing the 
monogram has actually been found written with phonetic characters. I pro- 
ceed to explain the analogy by which I have obtained this word ; and I will 
at the same time, and in connexion with this, state what I know of the other 
numerals below “ ten.” 

The characters \4, <J~ occur on Colonel Tayror’s cylinder, for the ordinal 
“third,” in connexion with “year.” I have never seen this cylinder but for 
amoment or two, when I was not allowed to examine it. I make this state- 
ment on the authority of Colonel Raw.inson, in the portion of the analysis of 
the Behistun Inscription which he published in 1851 (see p. lxxii.) In ano- 
ther part of the same publication (p. 15), he says that the cylinder has 
hee Fey's but I believe the former statement is correct. Colonel Raw iinson at 
that time considered this to be a compound character ; in my paper of Novem- 
ber, 1852, I read the first word shal. shi; and I produced the numeral for 
“four,” <j->Ja] =) Q-> which I read ar.ba.ah (“Transactions of the 
Royal Irish Academy,” vol. xxii. p. 358). 

In March, 1854, I found on a tablet in the British Museum four numerals, 
Viz., Ya> ~Al] —J< shal. ish. ti, WV,¥ 2] YY) -J= rt. Ba. d. ti, WK >>] eV] --J= 
kha.a'n.tsh. ti, and <<< ~YYa} —)< ts. rt. ti ; which I published in the “ Lite- 
rary Gazette,” in the following month. I then explained these words as 
numeral adverbs, “thirdly,” “fourthly,” “fifthly,” and “tenthly.” On my return 
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home, I perceived the connexion between shal. shi and shal. ish.ti as the mas- 
culine and feminine forms of the same adjective. Linferred that the four words 
which I had found on the Tablet were feminine ordinals in the genitive case; 
I had previously recognised a fifth adjective, YW mf SY, sha.nu.ti, which 
occurs in the 77th line of the Nimrud Obelisk, with the meaning “second ;” 
and that for “ seventh,” >>]! 4 ~< tsi. bu. ti, has been since observed by 
me in the colophon to the inscription on Betiino’s cylinder. 

In Colonel Rawrtnson’s “ Notes on the Early History of Babylonia,” pub- 
lished at the close of 1854, he gave, what he believed to be, the cardinal num- 
bers representing “ eight,” “six,” “four,” and “two.” These were found by 
him on a tablet connected with these numbers in their ordinary ideographic 
form. They were, EY =] >, tsu.ma.nu; EY =, tsu.du; All] S-, ru.bu; 
and Fy ri m/, shu.wn.nu. Ihave already mentioned that I had published 
previously a different numeral for “four,” namely, arbah. As this occurs in 
various places in the inscriptions of Sargon and Sennacherib, and is also an 
element in the name of the city of Arbela, Jr arba Ili, i.e., “the city of the 
four deities,” I could not doubt that Colonel Rawxinson was mistaken as to 
rubu being “four ;” and, if in this instance, he must have been so likewise as 
to the other numerals. I was confirmed in this by my observing that Colonel 
Raw1tnson had given from another Tablet, as an equivalent to “ten,” Ely << >MN, 
4.si.vat. This is of a form completely dissimilar to the forms tsumanu, &c., 
but harmonizing with arba’. The cardinal numbers had in Hebrew two forms, 
a masculine and a feminine; and, assuming the same to be the case in Assyriac, 
we should have arba’, arba’at, for “four ;” “isir, “istrat, for “ ten.” 

Being satisfied that this was the true view of the matter, I began to consider 
what the four words, produced by Colonel Rawttnsoy, could be. I compared 
them with FY Ss] EY, shw.w’sh. shu, which he gave for “sixty,” and which is 
of exactly the same form. This word I had previously explained as “ denoting 
‘sixty’ of anything, analogous to our ‘ dozen’ and ‘score ;* whence, as applied 
to years, the swacos of Abydenus.”—(“ Journal Royal Asiatic Society,” vol. xvi., 
p. 218). I inferred that the four words produced by Colonel Rawiinson were 
similar collective nouns, and that they do not signify “eight,” &c. but “an 
octad,” “a hexad,” “a tetrad, or quaternion,” and “a pair.” 

I remarked that all these words had w for the first vowel, and that, except 
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as to this vowel, they agreed with the masculine ordinals, wherever these were 
known, and in the case of “ fourth” and “second” they could be inferred from 
their feminines. I constructed in this manner the following Table, in which I 
have given the masculine and feminine forms of the ordinal numbers, and the 
corresponding collective nouns in the nominative singular, for eight numbers, 
viz., from “two” to “eight” inclusive, and for “ten.” I give these forms in 
English and in Hebrew, and I also give the roots in Hebrew characters. 


[shannu (for shanwu) 33W] shanutu == IAW shunnu (for shunwu) 53 Root 2 
shalshu aww) shalishtu anw'w [shulshe wide] Root ww 
[rilu qy27] rib@tu = ANYAN rub'u 937 Root yan 
[khanshu WIT] Khanishtu SWI khunshu wa] Root wan 
[tsidu 1D] ~—[tsitdlitu ANT] tsudu m0 Root M70 
[tsib’u DID] tsibutw = ANYID [tsubu 320] Root DAD 
[tsimanu 93D] = [tsimattu = AF2D] tsumanu 28D Root yad 
Disru my] *isritu anny [Pusru my] Root "BY 


The ordinal adjective “first” is expressed by makhru, makhritu, which 
words also express “former ;” and I believe that the distinction is this, —when 
the adjective precedes the noun, it should be translated “first,” and when it 
follows it, “former.” Examples of both occur on Lord ABrRpDEEN’s stone. We 
have (1, 7, 8) ina pali sarri makhri, “ina year of a former king ;” and (8, 9, 
10) ina makhri paliya, “in my first year.” I would, therefore, translate the 
following passage with the word “former,” although, in fact, it was his /irst 
campaign to which Sennacherib refers. I quote, from lines 34, 35, of the 
inscription on the great bulls at Kouyunjik :—Shai Marduk-bal-iddan, sha ina 
halak girri-ya makhri ashkunu shilim-su, “That Mardukbaliddan, whom, in the 
course of a former campaign of mine, I had effected his defeat (or had ruined).” 
This root, which is very common in Assyrian, is not found in Hebrew with 
any similar medning; but in Arabic it signifies “to meet the wind,” which 
appears to have some connexion with the primary Assyrian meaning. It signi- 
fies to come before, to meet, and thus to receive ; being specially applied to pre- 
sents, mandattu or madattu (from }73, “to give’). Makhar, as a noun, signifies 

E2 
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“presence,” and is used both alone and with the preposition ima or ana to 
express “ before, in the presence of ;” while mikhrat is “ over against, facing.” 
The connexion between be-fore, for-mer, fir-st, pre, pri-or, pri-mus, &c., is well 
known, and need not be enlarged on. 

No one, I suppose, would expect that the analogy between the ordinals and 
collective nouns should be carried so far as that mukhru should signify “a 
unit.” The word which has this meaning is Y >, a.an, pronounced, as I 
believe, simply an; the first character not adding to the phonetic value of the 
second, but showing that it was to be read phonetically, and not ideographically, 
as “a god.”* The following two examples will illustrate the use of this word. 
I may remark, that numerals are regularly followed by nouns in the singular 
number, and that am is in construction, and therefore without a case-ending. 
Onthe Khorsabad bulls we have (Borra, 27, 41, &c.,) YY L AAS WY >] Se} J, 
“three hundreds fifty units of kings,” the pretended predecessors of Sargon. 
Perhaps it may be read ashla mi, khansha an malki; but there are great doubts 
as to these cardinal numbers. The smaller numerals before an are generally, 
perhaps always, to be read with the feminine ending ; it is doubtful whether 
the same rule would apply to mz; and it is also doubtful whether it would 
apply to a large numeral like khansha. Further doubts may exist as to whether 
ashla was the Assyrian word for “three.” My reasons for thinking that it was 
will be given presently. I have doubts also as to khansha, rather than khan- 
shaya, being the proper reading of the word yy¥* >] Y Yf, which Colonel Raw- 
Linson has found on a Tablet as signifying “ fifty.” 

In the colophon to the inscription on BrLxino’s cylinder we have Y 34] 
" EN \) >], “one suss, three units,” that is, “sixty-three.” The enumeration 
is of the lines on the cylinder, which are said to have been “written in the 
seventh month of the year presided over by Nabuliah, governor of Arbela.” 

The character after YJ, “ three,” denotes the feminine gender ; and I believe 
these two characters are equivalent to FE EY >=NV, ash.la.ta. The latter 
word occurs in a precisely similar connexion in Kh. 111. 2. It necessarily 


* [I am now satisfied that in this combination, and similar ones, the first character had always 
a phonetic value. This word should not be read an, but han, wan, or yan. These were not dis- 
tinguished in Assyrian writing. The second reading is to be preferred from its resemblance to Fev, 
un-um, &c.—Jduly 21, 1856.] 
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denotes a numeral, and it has more in common with the ordinal shalshu than 
with any other. I will, however, treat of the cardinal numbers in a subsequent 
part of the paper; and will, therefore, say nothing more on the subject at present. 

The word an is used in other senses, one of which I shall soon have occa- 
sion to explain. 

3. The fourth character in the first line is sha ; and it here denotes “ of ;” 
elsewhere it is a relative pronoun or particle. It corresponds exactly to the 
Syriac », the Chaldee 7 or “7. 

4. The next word is a monogram, which I have found equated to J] ES] 
Qn, ya.ra.akh. tis certain that the first character in this word admitted 
not only the value a, 8, as in VY, 4Y FY, a. na.ku, “1” (ef. DIN), but ha, as in 
VV Y-Y, 4a.lik, “going” (cf. 7241), wa, asin VY >, wa.shib, “ dwelling or sitting” 
(cf. EVV} <J- -, AWN, w. shi.bu, “T had sat,” which proves that the root is 
wv), and ya, for it is often interchanged with EeV. It should, if we can 
depend upon Hebrew analogy, have this last value in the present word, as well 
as in Wray >a), ya.a’m.ti, “of the sea.” The Assyrians used the feminine 
forms N° and N88, where the Hebrews used 0 and ys. 

This word is not only used before the names of months, as in the present 
instance, but without them. Thus, Nebuchadnezzar says he commenced his 
palace ina yarakh shalmu, &c., “in a complete (and therefore fortunate) month, 
on a happy day.” It is elsewhere used for the new moon, or first day of the 
month, which was that on which the crescent was first visible. It is possible 
that im such a case as the present it was a mere determinative; but I am 
strongly of opinion that it was pronounced as a distinct word. This would be 
in conformity with Hebrew usage. 

5. The last character in the first line is a monogram for the first month. 
I have no clue to its pronunciation from any Assyrian source. I, therefore, 
read it provisionally by the word which has the like meaning in Hebrew and 
Syriac. 

6. The next word, which begins the second line, is tu. mu, “the day,” which 
has been already explained. 

7. Then follows wu, “and.” 

8. The word at the end of the second line occurs in the forty-seventh line 
of Brxxino’s cylinder, where we have “(in the course of) a night.” Here the 


38 The Rev. Epwarp Hincxs on a Tablet in the British Museum. 


word is in the genitive, and it would be natural to read it mu. shi. The pre- 
sent text is, however, a proof that the last character did not include a case- 
ending. Here, and again as the fifteenth word of the inscription, it is a nomi- 
native. I, therefore, consider it to be a compound ideograph, the component 
characters possibly signifying, “ closing of the eyes.”* The pronunciation can 
only be conjectured until an equation for these two characters in phonographs 
shall be found. In the mean time, I read it provisionally liltu, considering 
this to be the form which the Hebrew nin? would probably assume in Assy- 
riac. The root from which this word appears to have been derived occurs 
in Assyriac, namely 509, to which I assign the meaning “to be at rest.” From 
this root we have the verb in the third conjugation ulil, Os, “JT put to rest,” 
applied to arrows put up in their quiver; the derived noun Ui, “a quiver,” and 
another derived noun, /ulim, which occurs in the great inscription at the India 
House, and which, it appears to me, can only signify “ repositories.” 

9. The next word, which occupies the third line, is mushqulu, an adjective 
which signifies “equal,” and with which the substantive verb must be supplied. 
The root is 9pw. In Hebrew it signifies “to compare by weight,” and the 
primary meaning has been supposed to be “to suspend ;” but in Assyriac it 
signifies “to compare with respect to quantity of any kind, to bring to an 
equality in respect to quantity ;” or briefly, to “measure or weigh.” Here it 
is applied to equality in respect to duration, and on Betxino’s cylinder the suglim 
rabtt is a measure of length. This is literally “the great measure,” or, as 
the Assyrians used the positive for the comparative, “the greater measure.” 
I believe this to be “the cubit,” the same which is elsewhere called the 
<Q 7E) FEY, amm.ma.a’t, and which is also denoted by the monogram )Yf> 
(India House Inscription, vim. 45, and vi. 25; Bel. 44, &c., compared with 
50, &e.) The lesser measure was, I take it, the gar, W. This character is so 
explained in one of the syllabaries that I discovered. I conjectured some time 
ago that this measure was three-fifths of the cubit; and the grounds of my 


* [Ideographically, the former character signifies ‘to give,” and not “to close,” which is a 
strong objection to the statement here made. I am now, therefore, decidedly of opinion that this 
word should be read mushi, this being a foreign word for “‘night,” which the Assyrians adopted 
without declining it. Or, as Sir H. Rawunson supposes, they wrote “mushi,” but read this by 
the Assyrian word for “‘ night,” which may have been what I have here given.—July 21, 1856.] 


The Rev. Epwarp Hincxs on a Tablet in the British Museum. 39 


conjecture were this. The colophon to Brxuino’s inscription proves that the 
monogram >] denoted a suss, or sixty. As a measure of length it should 
accordingly be sixty cubits, the cubit being notoriously the principal measure 
of length. Now the palace mentioned on Micnavux’s stone is said to have been 
“three suss” long, and “one suss, fifty gars” broad. I conjectured that this 
palace was twice as long as it was broad; which gave fifty gars, equal to thirty 
cubits; or the gar equal to three-fifths of a cubit. A discovery which 
Dr. Orrrrt made at Babylon verified this conjecture of mine, and, atthe same 
time, led me to see the origin of the name gar; verifying in fact the reading of 
the name of this measure, as well as its value. Dr. Orprrt’s discovery was 
that the length of the side of the Babylonian brick was always three-fifths of a 
cubit. Now I had previously discovered that the word gar signifies, in the 
Assyrio-Babylonian language, “the side of a square.” In the passages above 
quoted from the great inscription mention is made of two squares, which were 
respectively 4000 and 490 ammat garri “ cubits to the side,’ as I rendered it. 
Dr. Orrert read the last word gagari. It is written EVV VV] +~lV,), the 
first and second characters in the word being alike ; but the character admits 
the two values ga and ar, as appears from the word palar ; which terminates 
with 7 in vin. 39, R. 1, 12, and 2, 9, but with <\-~}],], the ordinary charac- 
ter for ar, in Gr. 2, 6; while in vi. 28 we have pairi in the genitive. The 
word gagari would be of a very strange form; whereas garri is the regular 
genitive of gar. Dr. Opprrt imagined that he had here the linear dimensions 
of the wall of Babylon; and by comparing them with what had been stated 
by Herodotus (and reading 480 for 490) he inferred that the “ ammat-gagar” 
was 360 cubits, and that this was the length of a stadium. 

I believe that no such measure as an “ ammat-gagar” existed, and that 
Nebuchadnezzar does not give the dimensions of Babylon at all. What Dr. 
Oprert has really discovered, in relation to measures, is that the gar was three- 
fifths of the cubit, and that the lengths of these two measures were 525 and 
315 millimetres, or about 20,675 and 12,405 inches. The reading of the name 
gar, and its signification as “a side,” viz., of a square brick, are now made 
known for the first time. 

Two other words denoting small measures of length are used in the 
Khorsabad inscriptions. It is stated (Borra, 151, 19, and 111, 2) that Merodach 
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Baladan commenced the trench which he caused to be made for the defence 
of his city ashlata an, “three units,” as I suppose, from the city. Here an, 
which properly signifies a unit, is used for a measure of length; and, as the suss is 
sixty cubits, the correlative an must be one cubit. The depth of this trench 
is stated to be Y>¥ Y “ one-gar,” with an unknown character interposed. On 
the Tablet K. 98 this character is used to designate a day of the month, which 
appears from the eleventh line to be after the 29th.* Of course, it denotes 30, 
being equivalent to ¢<¢._ I rather think that it properly denotes “ one-half;” 
but, on the same principle that units were used for sixties, as I explained in 
my paper on “Assyrian Mythology,” § 9, “ one-half” might be used for “ thirty.” 
Confusion between the two, in such a case as this, wasimpossible. The above 
characters then signify “‘ one measure of thirty gars, or eighteen cubits,” 31 of 
our feet. It would appear that this was the only measure that the Assyrians 
used between the swss and the cubit; for, in Borra, 47, 79, the dimensions of 
the mound at Khorsabad are given ; and they conclude with “one suss, one 
measure of thirty gars, and two cubits,” that is eighty cubits; to which must 
be added a larger number, to the value of which I have no clue, but which 
must be a multiple of 120 cubits, and is probably one of 360. 

10. The tenth word in the inscription is the cardinal number for “six.” I 
have ventured to transcribe it by shish; but I consider this a very doubtful 
reading. It is very possible that the feminine form might be the correct one 
to be used; and if the masculine be shish, that would probably be shishat. I 
question much, however, whether the change of both radicals from what they are 
in the ordinal tsid would be likely. I consider the form shid almost as proba- 
ble a one as shish. It is certain that the cardinal and ordinal numbers of the 
Assyrians had different themes, which, according to the ordinary laws of deri- 
vation, could not spring from the same root; and for this reason the forms of 
these numbers are peculiarly interesting. They contain indications of processes, 
anterior to those that were in use among the Assyrians, and carrying back the 
thoughts to a yet more ancient language. I will put down here what I have 
observed as to the different numbers, and what occur to me as their probable 
values, when I cannot give them with certainty :— 


* [This isa mistake. The character occurs in other lines on this Tablet, and in some of them can 
only signify “a half.” This, however, does not affect the subsequent reasoning.—July 21, 1856.] 


The Rev. Epwarp Hincxs on a Tablet in the British Museum. 4] 


“One” is represented by YY 4Y ish. din, both in the inscriptions at Perse- 
polis and at Khorsabad. The form more commonly used, ~]J, is interchanged 
with the foregoing word at both places in different copies of the same text. I 
am, therefore, bound to suppose that this word signifies ‘“ one,” but I can com- 
pare it with nothing else either in Assyriac or in any other language. The second 
part of the other word, which I have stated to be more common, is used for 
Vf «PU a. di “together with,” which I believe to be the genitive of INN&. I 
therefore, suppose that adu (for akhdu), or in construction ad (for akhd), may 
represent “one” also, but only in the masculine; the feminine is represented 
at Behistun by FJ, that is, id (for ikhd). The same change of the initial 
vowel occurs in Arabic. 

I cannot offer any conjecture as to the number expressing “ two.” 

Ihave already given my reasons for thinking that ashlata =] ==VV¥, that is 
“three,” in the feminine. The context in which it occurs proves that it is a nume- 
ral, and not a very large one. It has some resemblance to the Hebrew root for 
“three.” The masculine form would be ashla or ashal, Swe, which contains 
what Gesentus considered the essential or original part of the Hebrew root ; 
that which connects it with the Irish Celtic tri, with the Polynesian talu, and 
with hundreds of intermediate languages and dialects. The prefix N is the 
same that we have in the following numeral. I feel, on the whole, great confi- 
dence in this being the genuine Assyriac numeral for “ three,” and, at the same 
time, an interesting relic of a language anterior to Assyriac. I have already 
given arba@ and arba’at for “ four’—as to these forms I think there can be no 
doubt. 

Colonel Raw.inson has given from an Assyrian Tablet {Yq >a) ~4)~, with 
the transcription khamisti (“‘Early History of Babylonia,” pages 5, 6); but there 
seems to be a mistake. The three characters given would be read kha. is. ti, 
without an m. Possibly the printer has omitted | mi. If the word be printed as 
it stands in the Tablet, it must be read kha . mil . ti; the second character having 
the value mil, as well as 7s. I incline to think that this is the correct reading; 
for 1 is often used for s before a dental. Whichever be the true reading, the 
form does not harmonize with ’isirat, “ ten,” which precedes it. From the loose 
way in which Colonel Raw.tyson speaks, it is impossible to tell whether the 
numerals that he gives on page 5 are from the same, or from different Assyrian 
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vocabularies. I think, however, that it is pretty obvious that the forms for 
“five” are in construction khamish and khamishat ; khamishti or khamitti 
being the genitive of the latter. The difference between the ordinal and the 
cardinal is here that the former has 3, and the latter , for the second radical. 

The themes of the three ordinals answering to “sixth,” “seventh,” and 
“eighth,” begin with ts, D, while in all the cognate languages these numerals 
begin with &. I feel confident that the cardinals in Assyrian would begin 
with this latter, and that this was one distinction between them and the ordi- 
nals; whether or not it was the only distinction, I cannot say; I have never met 
with any of these forms; and for “nine” I have met neither cardinal nor 
ordinal. 

“Ten” is expressed by ‘isi .’isirat, as I have already stated. 

Of the combinations requiring the numbers between “ten” and “twenty” I 
know no more than that Colonel Raw ison gives W« ¥-¢<< EM from a syl- 
labary as “fifteen.” He reads this khamis sirat, so divided ; but I question 
the correctness of the division. I consider the above to be one word, a con- 
traction for khamish “isirat. So, the Chaldee form 1D"VA replaces TOY “IM. 

“ Twenty” is, according to Colonel Rawtinson’s Tablet, ¢¢¢ E=VV Vf, which 
he, most unaccountably, reads simra (with a dot under the s), and connects 
with "W “two,” as if “two tens.” Surely the true reading is is.ra.ya, or 
is.r’'a.a, the plural of isir, “ten.” The Assyrians had no dual; and the deri- 
vation of ‘‘twenty” from “ten,” and not from “two,” is in accordance with the 
usage of all the cognate languages. 

Colonel Rawtiyson gives silasa, irbaya (or irba), and khansa, as the cardinals 
corresponding to “thirty,” “forty,” and “fifty.” In the second of these we have 
the final ¥! interchanged with >=}, which leads me to suspect that it should be 
pronounced ya in every instance at the close of these numerals; unless, indeed, 
a u should precede it. If this view be correct, these forms should be read— 
shilashaya.irba’ya, and khanshaya. At any rate, it will be observed that there 
is great inconsistency in their derivation. The last of them is plainly connected 
with the ordinal theme. The second would seem to be connected with the 
cardinal theme, having, like it, a prefixed 8; but the change of the first vowel 
is not in accordance with the ordinary rules of derivation. Shilashaya deviates 
still further from the ordinal theme shalish; while, if the cardinal theme be 
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a. shal, it has no relation with it at all. It would seem as if the Assyrians had 
three themes, one for the cardinals, one for the ordinals and collectives, and 
one for the decads; and that no general law existed as to the connexion of any 
two of these. 

The cardinal number for “sixty” is unknown to me. Colonel Raw1inson 
has given sussu, which is a collective noun. 

That for “seventy” is, I believe, * SWE VY) ski.bu.w.a. I do not 
recollect where this word occurs; but I feel pretty certain that I have met 
with it. “Eighty” and “ninety” remain to be discovered. 

\- mi is “a hundred ;” but whether it be properly a cardinal number, or 
a collective noun, may be questioned. It is always preceded by a number. 
<{- “a thousand,” is a compound ideograph, “a ten hundred.” Like the pre- 
ceding, it must have another number before it. Its phonetic equivalent is 
unknown to me. 

11. The next word, kajbu, must, from the context, signify intervals, each 
of them of the length of two of our hours. I think it clearly intimates that 
these intervals were marked by the running out of sand or water from a vessel. 
The root 3f5 signifies “ to fail or disappoint,” and it is applied to the waters of 
a fountain which ceases to flow—(Is. lviii. 11). The inference from this use 
of the word is that the Assyrians marked time by the running out of water 
from a vessel which emptied itself in two of our hours. The entire day from 
noon to noon contained twelve kajabs; and it seems certain that the day must 
have commenced at noon, as this was the only fixed point that was capable of 
being observed. Sunrise and sunset were variable, and midnight could not be 
determined by observation. On the day noted in the inscription the sun would 
set at the end of the third kajab, and would rise at the end of the ninth. Mid- 
night was always at the end of the sixth kajab; and this was probably the 
reason why ¢sidi, “of the sixth,’ was used to express the north, where the 
Assyrians must have well known that the sun was at midnight. <o¥¥ VJ </pt 
“the wind (or quarter) of the sixth (kajab)” was “the north.” I announced 
this in the “ Proceedings of the Royal Irish Academy,” so long ago as March, 
1853; but I could not then offer any conjecture as to the origin of the word. 
The opposite quarter, or south, was the quarter >>y] JEVY, on the meaning of 


which I will not speculate. The east and west are represented in connexion 
F2 
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are equally uncertain. The connexion of the latter with the root 77D “bitter,” 
and thus with “the salt (sea),” appears to me very dubious. The word is 
applied to Syria, but I believe as “the western country;” so that this proves 
nothing as to the origin of the name. In the Babylonian inscriptions, and 
generally on astronomical tablets, these two last words are replaced by 
~~) x) ay Say and —-Y xy] Vj, that is “sun-rising” and “sun-setting.” The 
monogram for “sun” has been explained under 1; the two other words are 
explained on the Tablet K. 64,* by YY J*-3# ¢ and Fy a ‘Sele. The for- 
mer of these is wa . chu .u, corresponding to the Hebrew N¥.. This is connected 
with FEV) F=.Q) chi. 7’t, NS8¥, which occurs repeatedly for “the rising of (the 
sun.)” In fact, all the words in the compartment of the Tablet where the 
former of these occurs are derivatives from the root S¥) = Hebrew NY. As 
these two monograms are plainly opposed to one another, the meaning of the 
other word must be “ setting;” and it appears to be from the root 2, which is 
one of those applied to the sun setting. The word is na’.rim.bu.u. Themisa 
nasal, inserted euphonically to strengthen the accented syllable. This is more 
frequently done by doubling the letter. It is the participle of the second con- 
jugation, and would be in Hebrew characters (dropping the case-ending and 
the nasal connected with it) AW. 

The next four words, concluding the first portion of the inscription, have 
been already explained, being the same with the 6th, 10th, 11th, and 8th. 

The two words in the sixth line are monograms for the names of the gods 
Nabi and Marduk, as I have explained in my paper on “ Assyrian Mytho- 
logy,” §§ 31 and 26. 


with these terms by <* EY satra? and ¥}~ ==E) martu, the meanings of which 


* [A closer examination of this Tablet, and other similar ones, than I was enabled to give them, 
has led Sir Henry Raw iiyson to the conclusion that they were bilingual; explaining, not the mean- 
ing of monograms or ideographs, but that of words in a language which he calls Accadian, and 
which he considers to be Scythic or Turanian. To this language the three words here occurring must 
be referred. Ud.du was the Accadian word for “coming forth,” and shw. wa that for departing ; 
a Y had the four values ud, tu, par, and likh; one of which, as yet unascertained (probably tu), 
must have been the Accadian word for “sun.” It is probable that mushi, ‘‘night,’” was also an 
Accadian word; and perhaps ishdin, “one,” and even others of the numerals that I have given 
above may be so too. Jshdin is, perhaps, a corruption of ichdin, and thus connected with the 
Assyriac root (see p. 41). The Accadian language has much affinity to the Assyriac in its roots, 
though wholly different in its grammatical construction.—July 21, 1852.] 
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18. These names are followed by ana, a preposition signifying “to, for,” 
&c.; equivalent to the Hebrew ON or ?. 

19. This preposition is followed by one of the monograms for “king,” which 
is in construction sar; but it is here to be read in the genitive, as governed by 
the preposition. 

20. The next word appears at first sight to have a superfluous character. 
The first >¢ is ba’ or b?; i.e. YA, with a vowel between the consonants, which 
the Assyrians seem to have pronounced as i, though analogy might require it 
tobe a. Thenext character is 7, and the last is valued ii in the Tablet K. 144, 
as Dr. OprerT pointed out tome. It would appear, then, that the second cha- 
racter was superfluous, and it is, in fact, omitted before an affix. Thus >4 me EEN 
expresses 7’. ili. ya, “to my lord.” I think, however, that the Assyrians would 
pronounce this bili-ya, for they scarcely sounded the Y, and often confounded 
it with 1; while the second character in the word before us intimated that the 
word without the affix should be pronounced with three distinct syllables 
bi. ili. The root is 91; and in the Book of Daniel we have always 22, which 
was the Assyrian pronunciation of this word. 

21. The inscription concludes with the word ligrubu, which is the regular 
optative of 27?, “to draw near.” This is the verb used always in benedictions 
of this sort; and it may be translated, in a metaphorical sense, “be gracious or 
favourable.” 

Having now explained every word in the inscription, I will say something 
respecting the information which it affords. On the sixth day of a lunar month, 
the first day being that on which the crescent was first visible (see my paper 
on “Assyrian Mythology,” § 9) and the day commencing at noon, the vernal 
equinox took place. It is obvious that this could only happen in one year out 
a cycle of nineteen ; and in many such cycles it would not occur at all. There 
is, then, a great defect in the inscription. It only records the month and day, 
and not the year of the observation. I must, in the first instance, endeavour to 
explain this circumstance. 

I connect it with what has given rise to some strange conjectures,—the state 
in which the Tablets have been found. They were found lying in confusion on 
the floor of a chamber, most of them being broken as by a fall. I suppose 
that this chamber contained a number of compartments divided by sheets of 
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wood laid both horizontally and vertically ; that these compartments were 
numbered, and that the records belonging to each year were placed together 
in one compartment. When the wood decayed, as it must needs have done 
in the course of twenty-four centuries, the tablets would all fall to the ground, 
and be broken and mixed together, as they were found to be. Although, 
therefore, there is no date at present attached to the Tablet, it is highly proba- 
ble that it was placed with other Tablets of the same year in a compartment, 
the wood of which bore the date of the year. 

It is an interesting question what this year was. It appears from several 
Tablets that the king, to whom this record-chamber belonged, was the son of 
Esarhaddon. His reign commenced, according to Ptolemy’s Canon, in 667, 
B.C., and lasted twenty years. Before looking further, it is first to be consi- 
dered whether any of these twenty years can be that referred to. Now, I find 
by the Tables in the third volume of Vincr’s Astronomy, that in the day which 
commenced at noon of the proleptic Julian, 27th March, 652 B.C., the sun’s 
longitude was 859° 31’ 12” at 3" 4’ 15” p.m., mean Greenwich time, which was 
about the time of sunset at Babylon. Twelve hours after, at Babylonian sun- 
rise, the sun’s longitude was 0° 0' 16”. This, then, was the day when the day 
and night were equal; and if it were the sixth day of the month, the first 
would be that which began at noon of the 22nd March. I have calculated by 
the aforesaid Tables the places of the sun and moon at Greenwich noon of the 
21st March ; and I found that the moon was then 30’ 40” before the sun. The 
conjunction would have taken place about 54’ sooner, that is, about two hours 
after Babylonian noon. It would have been impossible for the new moon to 
be seen that evening ; and, of course, the following day, the 22nd, would have 
been the first of the month. In this year, therefore, 652 B. C., the phenomenon 
recorded would have occurred. 

It may be supposed, however, that as it might have occurred in other years, 
there is no certainty that it was to this year that the inscription refers. In 
answer to this, I remark that no year within nineteen of this can be thought of; 
and that, in 671 B.C., it is not probable that the event occurred as recorded. 
In that year the conjunction of the sun and moon occurred on the 21st March 
18’ 15’ 26” after Babylonian noon, as I have calculated from Vince’s Tables. 
I believe that more accurate Tables are in existence, especially for the moon, 


The Rev. Epwarp Hincxs on a Tablet in the British Museum. 47 


but I have not access to them, and the error cannot amount to many minutes, 
which, in a matter like this, is of no moment. It appears to me probable that 
the day commencing at the following noon would be reckoned as the first of 
the month. I should think that the moon might be seen twelve hours after 
conjunction. I have calculated, too, that in that year the sun would be at the 
equinoctial point 3" 31’ after the Babylonian noon of the 28th. I should think 
it probable that the day which had then lately commenced, rather than that 
which had expired, would have been considered the day of the equinox. If 
these two suppositions be adopted, the equinox would in this year be the 
seventh, and not the sixth of the month. I cannot think it at all probable that 
a Tablet of a more early date than 671 B. C. would have been found in this col- 
lection, or that one of so late a date as 633 B.C. could have been there. Each 
Assyrian king had generally a palace of his own, in which he seems to have 
preserved his own records, but those only. On this account, Supposing that 
the calculation was equally favourable to both years, I should consider 652 
B. C. much the more probable ; and, as matters stand, I think it may be 
regarded as a settled point that the day which commenced at noon of the pro- 
leptic Julian 22nd March, 652 B. C., was the first day of an Assyrian year.* 

It does not appear from this record whether the year began with the new 
moon before the equinox, or with that which was nearest to the equinox, 
whether before or after. Another Tablet, recording an observation of a dif: 
ferent nature, has led me to the conclusion that the 7th April, 667 B. C., was 
the first day of an Assyrian year; and of course to the adoption of the latter 
hypothesis. 


31st October, 1855. 


*([I had hoped that the astronomical calculations for this paper would have been made by a 
friend. When disappointed as to this, I had to make them myself; and, not being a practical astro- 
nomer, I neglected to allow for the effect of refraction. This might cause the equinox to be a day 
earlier, and would render 671 B. C. more likely to have been the year of the observation than I 
have above supposed it to be. As to the main point, however, that, both in this year and in 652 
B.C., the Assyrian year began at noon of the proleptic Julian 22nd March, I entertain no doubt 
whatever.—July 21, 1856.] 
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ANTIQUITIES. 


I.—On the Ancient Irish Missal, and its Silver Box, described by Dr. O’ Conor in 
his Catalogue of the Stowe MSS., and now the property of the Earl of Ash- 
burnham. By James Hentuorn Topp, D. D., F.S. A., President. 


Read June 23, 1856. 


ly May, 1855, I had the privilege, through the kindness of their present noble 
owner, to examine the Irish MSS., formerly in the possession of the Duke of 
Buckingham, at Stowe. To one of these MSS., and to the inscriptions on the 
silver box in which it is preserved, I purpose in the present communication to 
call the attention of the Academy. 

But first, perhaps, it will be desirable to state, for the sake of some of my 
hearers, that when these MSS. were offered for public sale in London, the Pro- 
vost and Senior Fellows of Trinity College, with their usual enlightened libera- 
lity, commissioned me to purchase such of the Irish MSS. as I might think 
most necessary for the University Library; and placed at my disposal a sum of 
£300 for that purpose. In the meanwhile, however, negotiations were opened 
by the owners of the property with the British Museum, for the purchase of 
the entire collection, which contains, besides the Irish MSS., a great number 
of extremely valuable documents, illustrating the civil and ecclesiastical his- 
tory of Great Britain and Ireland, and many most important specimens of 
early English as well as Oriental Literature. But the trustees of the Museum 
received the communication with indifference. They merely caused a propo- 
sition to be made as to the disposal separately of the Irish portion of the collec- 
tion; and this having met with a prompt refusal, this magnificent collection of 
MSS. became the property of the Ear] of Asupurnuam. 

a2 
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About this time I had been nominated by the Government one of a Com- 
mission to prepare for publication the Ancient Laws and Institutes of Ireland, 
commonly called the Brehon Laws; and, knowing that among the Stowe MSS. 
there was at least one important Brehon Law MS.—* The Book of Acaill,’— 
I made application to Lord Asnpurnuam for permission to see the collection. 
My name had been kindly mentioned to his Lordship by my friend—alas! 
I must now say my late friend—Mr. Hormgs, of the British Museum; and I 
received a most polite reply, in which his Lordship informed me that he 
was at that time building an addition to his house, for the reception of his 
MSS., but that as soon as he had completed his arrangements, he would be 
happy to see me at Ashburnham-place. 

Accordingly, in the May of last year, his Lordship fulfilled his promise, 
and sent me a kind invitation to visit his noble mansion, with its unrivalled 
literary treasures. I went over to England specially for the purpose, and ar- 
rived at Ashburnham-place on the afternoon of Monday, the 28th of May,— 
his Lordship having most politely sent his carriage for me to the railroad 
station—a distance of about ten miles. 

The next morning his Lordship introduced me to his MS. room, and gave 
me free permission to examine the MSS. I had taken Dr. O’Conor’s Cata- 
logue with me, and I examined everything in the Irish part of the collection 
that seemed to be of any importance or interest. When I speak of the Irish 
part of the collection, you will understand me to mean those MSS. only which 
are in the Irish language: there is a large number of MSS. in the English and 
Latin languages relating to Ireland, which are of the utmost value to the future 
historian of this country; but with these I did not meddle. 

By far the most interesting and important MS. in the collection is the ancient 
Irish Missal, which will be the subject of the present remarks. Its venerable 
cumhdach, or cover, has been remarkably well represented in the plates which 
accompany the second volume of Dr. O’Conor’s “ Rerum Hibernicarum Scrip- 
tores.” These plates give a tolerably correct idea of the box and its ornaments, 
as well as of the inscriptions it bears. Dr. O’Conor has also published an elabo- 
rate essay on this box, in the Appendix to his Catalogue of the Stowe MSS., 
vol. i., App. No. I. ; but it is deeply to be lamented that he did not abridge some 
of his “ excursus,” and give us instead a correct transcript of the very important 
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text of the ancient Latin Missal which the box contains. Such a transcript 
would have superseded his unsatisfactory description of the MS., and would 
have been an invaluable addition to our existing materials for a history of 
the primitive Missal of the western Churches. 

As my examination of the original box enables me to correct some mis- 
takes committed by Dr. O’Covor in his attempts to translate the inscriptions 
on its top and bottom, I shall first give these inscriptions in full, making such 
remarks as may be necessary as to the particulars in which I differ from Dr. 
O’Conor. 

The inscriptions on what is now the bottom of the box are evidently older 
than those on the top, and cannot be later than the middle of the eleventh 
century. They are inscribed on four plates of silver, running round the sides 
of the square; and on two others crossing in the centre at right angles. The 
central part of these two latter plates has, however, been rudely cut away, in 
a most barbarous manner, apparently by a chisel, in order to make way for an 
oval, which originally contained a crystal, such as we commonly find on eccle- 
siastical boxes of this description. This oval is exactly the same as that on 
the other side, or top of the box, and proves that the mutilation of the inscrip- 
tion must have been perpetrated at the time when the inscriptions and other 
ornaments of the top were added. This is an additional proof that the inscrip- 
tions of the bottom are the more ancient; but, without that evidence, the 
characters sufficiently prove this to be so to every one who is at all familiar 
with monuments of this kind. 

I may remark here, that Dr.O’Conor’s plate representing the bottom of the 
box ought to be inverted. This will place the inscriptions in their natural 
order, beginning with the following, which will then appear on the upper 
rim ;*— 


*It is to be observed that Dr. O’Conor represents the letter p of these inscriptions by the 
italic n.— Appendix I., p. 2, sg. (Stowe Cat., vol. i.) But this was from a want of Irish type, not 
from ignorance. It is strange, however, that he did not print the letter, as he knew it was, 
r, instead of telling his readers, “It is also observable, that the letter r is scarcely different from 
the letter n, being written with two shafts of equal length,” &. This is only saying, in other 
words, that the inscription is in Irish characters of the eleventh century; but when every other 
letter in the inscription was represented by its corresponding modern italic letter, one does not 
see why r should be represented by n. 
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benacht oe aR cech an 
main as a harilliuch 


“Tue BLessinG oF Gop ON EVERY 
SOUL WHO DESERVES IT.” 

Dr. O’Conor renders this, “ Benedictio Dei unicuique qui huic operi contulit 
plus vel minus’—“ To each soul who worked (or contributed to this work) 
much or little.” But this is rather a paraphrase than a translation, and is evi- 
dently founded on a mistake as to the meaning of the last word in the inscrip- 
tion, which is from the root tullim, to deserve, with the eclipse or omission of 
the initial c. 

The inscription on the lower rim, constituting the opposite side of the 
square, ought, perhaps, to be read next. It is as follows:— 


OR 00 DONODChad mace 
bRIGIN 0O RIS hereno 


*¢ A PRAYER FOR DONNCHADH SON OF 
Brian, Kine or IRELAND.” 


These words enable us to date the inscription, as Dr. O’Conor has well ob- 
served. For this Donnchadh, son of the celebrated Brian Boroimhe, was actually 
King of Munster, but afterwards became King of Ireland, having first caused 
his brother, Tadhg, joint king with himself of Munster, to be murdered, A. D. 
1023; which fact is thus recorded in the Annals of Tighernach at that date; 
and it is to be remembered that Tighernach was a contemporary writer:*— 


Tavs Mac bplam boporha vo mapbad Tadhg, son of Brian Boroimhe, was killed 
o'Elib a bpell, 1ap na umarll o’a bhachap by the Elians with treachery, they having been 
4. 00 Ohonochad. instigated thereto by his brother, viz, by 

Donnchadh. 


And the same statement is made by the Four Masters at the same year. 
In 1026 Donnchadh invaded Leinster, and assumed the sovereignty of Ire- 
land, having succeeded in carrying off hostages from Meath and Bregia, from 


* I quote from the MS. of Tighernach in the Library of Trinity College, Dublin, the text of 
this important Annalist having been most incorrectly printed by Dr. O’Conor. 
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the Danes, and from the men of Leinster and of Ossory, as we learn from the 
following record in the Annals of Tighernach. 


Sluaishead la mac mbpiain con gab An expedition by [Donnchadh*], son of 
Sialla pep mbpeas 7 Mise, 7 Gall, 7 Larsen, Brian, who took hostages from the men of 
7 Oppaise. Bregia and Meath, and the foreigners, and 


Leinster, and Ossory. 


He subsequently invaded Connaught, and obtained hostages from the then king, 
Roderick O’Conor, in 1059 (Tighern. ) 

In 1064, however, Donnchadh was expelled from Ireland, after which he 
appears to have professed repentance for his ambition and other crimes, as he 
then undertook a pilgrimage to Rome, where he died in a monastery. Tigher- 
nach thus records this fact:— 


Oonnchad mac Opiain boporhe, pig Donnchadh, son of Brian Boroimhe, King of 
Mumhan, vo achmogad, 7 a oul von Rom Munster, was deposed, and went to Rome in 
via aiépe, co nepbuilc, iap mbuaro nait- pilgrimage, where he died after the victory of 
mse a mamipoip Sceaphain. penitence, in the monastery of Stephen. 


From these facts it is evident that the inscription before us, which calls this 
Donnchadh King of Ireland, cannot be older than 1023, when he appears to have 
aimed at the supreme sovereignty, by ridding himself of his brother, nor later 
than 1064, when he was expelled from Ireland. 

We conclude, therefore, that the inscriptions on this side of the box, which 
are evidently all of the same date, must be assigned to the first half of the ele- 
venth century; and, therefore (it is reasonable to infer), the MS. for which so 
costly a case was provided must have been at that time regarded as of consi- 
derable antiquity and importance. _ 

The next inscription is as follows:— 


| “+ OCUS 00 Macc Raich hu 0 
| onochaddd 00 R15 cassil 
| 


‘“ Anp For Mac Raitt HU 
DonncuapuHa, Kine oF CasHEL.” 


* See Four Masters in anno 1026. 
+ See Dr. O’Brien’s tract on the ‘‘ Law of Tanistry,” VALLANCEY’s Collect., vol. i., p. 540. 
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This Mac Raith seems to have succeeded Donnchadh as King of Cashel, 
or of Munster, when Donnchadh became King of Ireland, having been pre- 
viously king, or chieftain, of the Eoghanacht-Chaisil, as he is styled by Tigher- 
nach and the Four Masters. But neither his title as King of Cashel, nor that 
of Donnchadh to the greater sovereignty, was universally admitted. And hence 
we find, that Tighernach (a contemporary historian, but a native of Connaught) 
calls Donnchadh King of Munster only, and Mac Raith, heir apparent (m5 
vamhna), not King, of Cashel. Butin the inscription before us, the pretensions 
both of Mac Raith and of Donnchadh are asserted; and it appears that they 
were associated in the pious act of contributing to the expense of this box. 
Dr. O’Conor thinks that both Mac Raith and Donnchadh, son of Brian, must 
have been living when the inscriptions were made, because we are asked to 
pray for them, not to pray for their souls: “for” (he says) “in all Irish inscrip- 
tions in memory of the deceased, we are desired to pray for their souls.” It 
is more than probable that the conclusion is correct, although the argument 
adduced in support of that conclusion is certainly not true. We have innume- 
rable instances of inscriptions on ancient tombstones, in which we are desired 
to pray for an individual by name, without any mention of his soul; and it is to - 
be presumed that tombstones were not erected until after the decease of those 
whose names they bear. It is highly probable, however, from other consi- 
derations, that this box must have been made before the death of Mac Raith 
and Donnchadh, and during the plenitude of their power and prosperity; for 
it is not very likely, from their subsequent history, that so costly a relic would 
have borne mention of them with their regal titles, after their death. 

The death of Mac Raith is recorded in the Annals of Tighernach, A. D. 


1052, in these words:— 


Mae Raith hua Oonocavha, pig Cogan- Mac Raith O’Donncadha, King of the Eogh- 
achca Caipl, pisoamhna Mumhan, oo ece. anacht of Cashel, heir apparent King of Mun- 
ster, died. 


This was twelve years before the expulsion of Donnchadh, son of Brian 
Boroimhe; and it is, therefore, almost certain that the original box must have 
been made between the years 1023, when Donnchadh became King of Ireland, 
and 1052, when Mac Raith died. 
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The following is the descent of Mac Raith from Ceallachan Caisil, King of 
Munster,* who died A. D. 954:-— 


Ceallachan Caisil, ob. 954. 
Donnchadh, King of Munster, ob. 962. 


‘Saerbreathach, ob. 979. 


Carthach, from whom Mac Raith, ob. 1052. 
Mac Carthy ; killed, 
1045. 
This explains why Mac Raidh is called Ua Donchadha, or grandson of Don- 
chadh, in the inscription. 
The fourth inscription, on the right-hand side of the square as it stands in 


Dr. O’Conor’s plate, but on the left hand, as it ought to be, is as follows:— 


*- OR 00 DUNChao hu caccain 
00 MUINTIR CLUANa 00 RIDNI 


“ A Prayer For Duncwapa O’Taccain, 
OF THE FAMILY OF CLUAIN, WHO MADE IT,” 


“ The family of Cluain” signifies the monastic society of Clonmacnois. The 
words vo pgm on monuments of this kind always signify, “who made, or fa- 
bricated it;” and imply that the individual who in this sense “made” the re- 
liquary, was the artist, or operative mechanic, who executed the work ;} so 
that Dr. O’Conor is probably correct when he says (Catal. App. No. I, p- 88) 
that Donchadh O’Taccan, or O’Tagan, of the monastery of Cluain, “is stated on 
our cover to be the artificer who made it.” 

Of this Donchadh O’Tagan we know nothing except what we learn from 
this inscription, that he was of the muintir (family or religious society) of 
Clonmacnois; and that he was the artist by whom this ornamented and costly 
box was made for the preservation of the venerable MS. which it contains. 

There remain two other inscriptions on this side of the cover, which have 
unfortunately been greatly mutilated, as already mentioned, and their full mean- 
ing is therefore irrecoverably lost. They occur on two silver plates, crossing each 

*See the Genealogical Table in Dr. O’Donovan’s “ Battle of Magh Rath,” p. 340. 
ft See O’Donovan’s “Irish Grammar,” p. 228. 
VOL. XXII. b 
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other at right angles in the centre of the cover. A space which may have 
contained about ten letters in each line of the inscriptions has been rudely cut 
out, and the defect is the more to be lamented, as the last words would evi- 
dently have supplied the names of individuals who had taken a share in making 
or causing this box to be made. The first inscription is as follows:— 


af OR TOOL nee tos: cee NOUN, 

| W.JOGGme a Ge- nro co. DEEMED 
‘© A PRAYER FOR. . . NAIN O 
CaTtH. . . . . . BY WHOM IT WAS MADE.” 


Here we have the name of one of the persons who caused the box to be made; 
but we can only say with certainty that his Christian name ended with the 
syllable nain, wain, or main (for the first letter is not certainly ), and that his 
surname began with the syllable O’Cat. . . . Perhaps the name may have been 
Gillafinain O’Cathail (O’Cahill) or Gillafinain O’Cathasaigh (O’Casey); but the 
number of letters in the former name would better suit the vacant space, and 
the inscription might then be completed thus:— 


OR 00 SillaPpinain h 
u cacail Las aNodeRNdO 
‘A PRAYER FOR GILLAFINAIN 
O’CATHAIL, BY WHOM IT WAS MADE.” 

This, however, is a mere conjecture, as there are many other Christian and 
family names that would answer the conditions, and I can find no mention of 
Gillafinain O’Cathail in our Annals. An Aenghus O’Cathail, “Lord of Eogh- 
anacht Locha Lein” (Killarney), was slain in 1033 (Annals of Tighernach, and 
Four Masters); so that the family in the eleventh century was one of rank and 
consideration, and there is no difficulty in supposing one of them to have been 
instrumental in getting such a box made. 

Dr. O’Conor partially restores this inscription thus:— 


OoRoOaNMaIN h 
ucac .. . las anoernao 


‘PRAY FOR THE SOUL OF 
O’CaT .... BY WHOM IT WAS MADE.” 
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But this supposes only two letters to have been lost in the first line, whilst 
it requires at least eight to fill an equal space vacant in the second. It is, 
therefore, inadmissible. It assumes also that the last syllable of the mutilated 
word in the first line is mam, not nai, which is possible; but whether we 
read m or n, there can be no doubt that this word was the Christian name 
of the person mentioned. If we adopt the termination main, it is possible 
that Machshamain, or Mahon, may have been the name, which would fit very 
well into the vacant space. 

The other mutilated inscription is still more irrecoverable. It is probable, 
however, that in this there are not more than four or five letters lost in each 
line, because the vertical plate must have crossed it; and therefore the whole 
breadth of that plate is to be allowed for. All that now remains is as fol- 
lows :— 


OU. Aen. ee, SING 
TUG hed. een is, oie Mae 


“Anp [For] . . . AND 
Oe ee ATGS? 


Here again it is evident that we have a name; and that the first half 
of the first line must have been ocup vo. The Christian name of the person 
here mentioned must have ended with the syllable ano, and his sirname began 
with hu c... (or hu o. . . as Dr. O’Conor reads it), and ended with lag; but 
all beyond this is conjecture. 

The following conjectural restoration is suggested, not as likely to be true, 
but for the purpose of showing what I presume to have been the nature of the 
inscription :— 


plano 


* OCUS 00 
Lda1s | 


hucaich 


* AND FoR FLANN 
O’ TaIcuLaicy.” 


The Four Masters record the death of Mael-Cainnigh Ua Taichligh [or 
O’Tully], A. D. 1049, which proves that there was such a family name at the 
b2 
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period to which this inscription belongs; or, if Dr. O’Conor be correct in sup- 
posing the third letter of the second line to be 0, the name may be Ua Oubhlaig 
[O’Dooley],—a family who were lords of Feara-Tulagh (Fartullagh), a barony in 
the county of Westmeath.* But it is not improbable that what now seems to 
be | may be the remains of an n, as the rude chisel of the mutilator has ap- 
proached it very closely. If so, the name may be Ua Gighepnarsh, or 
O’Tighernaigh [O’Tierney]. 

Dr. O’Conor’s proposed restoration, however, of the first line of this in- 
scription is plainly untenable, although he speaks of it with great confidence. 
“If the last name,” he says, “could be restored, no doubt can remain of its being 
in other respects perfect.” He proposes to read it thus:— 


| ocus 00 anmano 
| MUpOu ee Foe UGS 
‘* AND FOR THE SOUL OF 
ODiz. ae AIG 


But anmann, the soul, is never, I believe, written with the termination ano, 
or ann; and Dr. O’Conor himself, in his restoration of the former inscription, 
writes the word anmain. The hu is confessedly the family designation hu, or 
O, and was, therefore, in all probability preceded by the Christian name of the 
individual intended; for “ O’Dooley,” without a Christian name, would not be 
a sufficient designation of an individual. 

We come now to the other side, or top of the box. It is divided into four 
compartments, the first of which contains a rude representation of the Cruci- 
fixion; the second has the Apostle St. John, holding his book; the third has 
the figure of the B. V. Mary; and the fourth contains a bishop in pontificalibus, 
in the full ecclesiastical dress of the fourteenth century. These figures have 
been so well and so fully described by Dr. O’Conor, that nothing need be added 
to what he has said of them. The four compartments are surrounded by plates 
of silver, forming the sides of a square, as represented in Dr. O’Conor’s engrav- 
ing already referred to, which gives an extremely good idea of the original. 


* Four Masters, A. D. 1040, 1144, et alibe. + Stowe Cat., Appendix I, p. 3. 
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These plates contain inscriptions in double columns, which I must now proceed 
to describe. 

The inscriptions on the upper and lower plates are both mutilated, the last 
half of both having been torn away. These inscriptions are in double lines. 
What remains of the first is as follows: — 


| + OR 00 pub Here | This half of the | 
"i | small | 


00 RIS URMU crystal,| plate is torn off. 


which is evidently— 


“A PRAYER For PaILip 
FoR THE Kine or Ormonp”? 


And the inscription may be thus with great probability restored :— 


| 


1 
*k OR 00 plib Ud CINNEeT0I5 
00 RI5 URMU main las ac 
| 
‘A PRAYER FOR PHILIP O’KEnnepy, 
FOR THE KiInG oF Or MOND, BY WHOM WAS Cc” 


This inscription is continued down the right side of the square thus:— 


umoaised IN MIN Osa 700 aIN1 0am | 


Ndi 4. Oomnall oO TO Lari 0OCORIS mis} 


The first word ought evidently to be cumoaged, covered; the initial c was 
probably given in the preceding plate, as I have represented it in my proposed 
restoration of the first inscription. The whole may be translated thus:— 


‘(COVERED THIS ORNAMENT, AND FOR AINI HIS 
WIFE, > DoMHNALL O’TOLARI DECORATED ME.” 


Dr. O’Conor has entirely failed to interpret these inscriptions. The first 
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of them he has omitted altogether, being in all probability unable to read the 


1 
name plib, in the first fragment. He renders the second inscription thus:— 


‘“‘ A JOINT OFFERING WAS THIS JEWEL, AND TO PRAISE WORTHY 
LEARNED »J< DonnaLp O’TOLARI ADORNED ME.” 


This does not seem very intelligible. The mark before the name of Domh- 
nall O’Tolari might have shown him that a new subject was there commenced ; 
but the absence of the initial c in the word cumoanged caused him to miss the 
meaning of the whole. The interpretation I have given is undoubtedly the 
true one; for Philip O’Kennedy, and Aine his wife, are historical personages, 
whose decease is thus recorded by the Four Masters, at the year 1381:— 


Piib Ua Cimneioig TZeapna Upmurian, Philip O’Kennedy, Lord of Ormond, and 
7 a bean Cine msean meic conmapa vo his wife Aine, daughter of Mac Namara, 
6cc. died. 


Here, then, we have the date of the second covering or “decorating” of 
this box, just three hundred years later than the former cover, as indeed the 
characters in which the inscriptions now before us are engraved plainly indi- 
cate. It was “decorated” by Domhnall O’Tolari (who was probably guilty of 
the barbarous mutilation of the ancient inscriptions) during the lifetime of 
Philip O’Kennedy and his wife, Aine Ny Mac Namara, in the middle of the four- 
teenth century. Of this artist nothing is known. 

The words, “Domhnall O’Tolari decorated me,” represent the box as 
addressing the reader, according to the usual style of such inscriptions. The 
name O’Tolari, however, does not occur in our records. Dr. O’Conor, in the 
lower margin of his engraving, interprets it O’ Tolar, omitting the final 7; but 
this is also a name which is not known to us, and I am, therefore, inclined to 
think that the final 7 in the inscription, as Dr. O’Conor’s engraving represents 
it, ought to be ¢ or g, and that the name is O’Tolare, or O’Tolarg. Neverthe- 
less, the drawing that I made of this inscription when I had it before me, gives 
the word beyond all doubt CTolam; so that the mistake, if it be one, was a mis- 
take of the original engraver. 

The third inscription on the lower plate is unintelligible, as the greater part 
of it has been lost ; and what adds to the difficulty is, that it contains a character, 
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or combination of characters, the meaning of which is unknown. The follow- 
ing is a fac-simile of the fragment which now remains of this inscription :— 


The first word is plainly Opoic, a prayer; but I can make no satisfactory 
guess as to the meaning of the remaining words; nor can I explain the con- 
traction which follows OR. The remainder of this inscription is possibly 
[silljapuaem, the same as s1llapuaoan, which occurs in the next, or fourth 
inscription, on the left-hand side of the square, as follows:— 


OR 00 BILLARU | gy, | GOAN uMacan 
| DON comarba La tal. | sar cumoaiseo 
‘A PRAYER FOR GILLA- RUADAN O’Macan, 

THE CoMHARB, BY WHOM THIS WAS COVERED.” 


i.e. by whose instrumentality, or at whose expense, the cover was made. I 
have not been able to ascertain who this Gillaruadan O’Macan was; but his 
name, Gilla Ruadhan, or servant of St. Ruadhan, connects him with Lower 
Ormond; and it is therefore highly probable that he was comharb or suc- 
cessor of St. Ruadhan of Lothra, or Lorha, in Lower Ormond, that is to say, 
abbot of that monastery, which was the principal church of O’Kennedy’s country. 

It is certain, however, from these inscriptions, that the MS. for which this 
precious shrine was made, belonged to some church of Munster,—for the older 
inscriptions represent it as having been enshrined by Donnchadh, son of Brian 
Borumha, and by Mac Raith O’Donnchadha, the great grandson of Callachan 
Caisil, both of them Kings of Cashel, or of Munster; and the later inscriptions 
connect it with O’Kennedy’s country, or Lower Ormond, and in all probability 
with the Irish monastery of Lothra, or Lorha. I say, with the Irish monastery, 
of which St. Ruadhan was the founder, because there was at that time also an 


16 The Rev. J. H. Topp on an Ancient Irish Missal. 


English monastery at Lothra, founded by Walter de Burgh, in 1269.  Gilla- 
ruadhan O’Macan, from his Irish name, as well as from his title of Comharba, 
must have belonged to the old Irish monastery. 

It is, therefore, by no means impossible that the MS. contained in this box 
may have been the original Missal of St. Ruadhan himself, the founder of the 
monastery of Lothra, who died A.D. 584. The valuable ancient catalogue of 
the Irish saints,* which divides them into three orders, the author of which 
cannot be later than the seventh century, tells us that the first order of saints 
(from St. Patrick to the reign of Tuathal Maelgarbh, who died A. D. 544) had all 
the same mass, the same celebration, and the same tonsure, from ear to ear:— 
“Unam missam, unam celebrationem, unam tonsuram ab aure ad aurem;” but 
that the second order of saints (who flourished from the end of Tuathal’s reign 
to that of Aedh Mac Ainmirech, who was killed in 599) had different masses 
and different rules: —“ Diversas missas celebrabant, et diversas regulas, unum 
Pascha, quartadecima luna post equinoctium, unam tonsuram ab aure ad aurem.” 

St. Ruadhan of Lothra belonged to the second class of saints, who had dif- 
ferent missals and different monastic rules, although they kept up the quarto- 
deciman Easter, and the old Irish tonsure from eartoear. That is to say, they 
did not confine themselves to one form of celebration, but adopted freely the 
forms, or missals, which they found elsewhere on the continent of Europe ; and 
it is probable that the MS. we are now to speak of was one of these different 
missals. . 

It exhibits internal evidence of having undergone the same sort of mutila- 
tion as the case in which it is now contained. The original MS. was written 
in an ancient Lombardic} character, which may well be deemed older than the 
sixth century. But several leaves of this ancient book have been evidently 
cancelled, and their places supplied by matter in an Irish hand of the tenth or 
eleventh century. This isa circumstance of great importance, which has never- 
theless been entirely unnoticed by Dr. O’Conor. 


* First published by Ussurr (Works, vol. vi. pp. 477-479.), and afterwards by Femina (Col- 
lectan. Sacra, p. 430) from a different copy. 

} It should be borne in mind, that the characters styled Lombardic are in reality older than the 
Lombardic invasion of Italy in the seventh century; being the style of writing which the Lombards 
found in use, and which they adopted when they learned letters from those whom they vanquished. 
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The remarks I have to make on this most interesting MS. are necessarily 
very imperfect, being almost entirely the result of recollection. Lord Asu- 
BURNHAM did not permit me to transcribe anything, and I was, therefore, forced 
to content myself with a careful perusal of the MS., comparing it as I read 
with Dr. O’Conor’s description of it. 

The book contains, first, the Gospel of St. John; and, secondly, the Missal, 
or rather Sacramentarium (for it includes the rites of baptism); written in dif- 
ferent hands, and at different periods. 

Dr. O’Conor has given a fac-simile of the first two pages of the Gospel of 
St. John,—the first page representing the emblem or figure of the Evangelist, 
holding his book, with the symbolical eagle over his head ; the second con- 
taining the beginning of the first chapter of St. John. This portion of 
the MS. (if I mistake not) is in a handwriting not later than the seventh 
century. 

At the end of the Gospel of St. John are these words:— 

“Deo gratias ago, Amen. Finit, Amen. Rogo quicunque hune librum 
legeris, ut memineris mei peccatoris scriptoris, .1. Saal iea peregrinus. 
Amen. Sanus sit qui scripserit et cui scriptum est, Amen.” 

This gives us the name of the writer, “Sonrp Perecrinus,” or “Sonmp 
the pilgrim;” for the word in Ogham characters is Sonid, if read directly 
as it stands; but inscriptions of this kind, and especially names, were often 
written backwards; and the name before us, if so read, will be Dinos; 
but I can find no mention of Sonid or Dinos the pilgrim in any of our 
records. The “Sanus sit” of the last line seems to favour the former 
reading. 

The Missal, as I have already said, is in two different hands. It seems to 
have been originally written in what I have called the Lombardic character, 
and afterwards altered, to adapt it to a different Ordo, or form of Liturgy, by a 
more recent hand. Dr. O’Conor has given a fac-simile of a page of this MS., 
in which may be seen the difference of the two hands; the text of the MS. 
being in the older or Lombardic hand, and the rubric at the top of the page 
in the more recent characters. 

Dr. O’Conor remarks that the improvements made in the Roman Missal 
since the days of Berno, who died about A.D. 1047,—improvements which 
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were adopted in Ireland at the Synod of Kells, A.D. 1152,*—are wanting in this 
Missal, and therefore it must be considered as the Missal which was in use in 
Ireland before that time. But it needs not this consideration to prove the 
antiquity of the MS. The characters alone are sufficient evidence to a prac- 
tised eye. The older writing is certainly not later than the sixth century ; 
and the more recent hand is probably of the tenth. 

The MS. exhibits evidence of the fact that, at the period of this more recent 
hand, alterations were made in the Missal, and the older writing mutilated for 
the purpose of introducing these alterations. In one place a page and a half of 
the ancient book has been erased, and prayers in the more recent hand written 
over it, in the manner of a palimpsest. In this more recent hand are written 
the titles or rubrics prefixed to the prayers, as also the rubrics in the Irish 
language, mentioned by Dr. O’Conor in page 47 of his account of this MS. The 
object of these alterations plainly was to bring the older form of Divine Service 
into conformity with the office then in use, or which the mutilator had some 
reasons for preferring ; as if the possessor of a copy of the ancient Sarum Missal 
of the Church of England should have sought to bring it into conformity with 
the present Roman Missal by erasures, alterations, and insertions, in all the 
places where they are found to differ. 

I may observe that what Dr. O’Conor has said (p. 41) of accents, which he 
supposes to be musical notes, is a mistake. There is nothing of the kind in 
the MS. 

At page 71 of the MS., at the end of the Canon of the Mass, we have, in the 
more recent hand— 

Maol carch pepppie. 

This gives us the information that the more recent additions made to the 
MS. are in the handwriting of Maolceaich ; but I can find no mention of this 
personage in any of our records. The name, however, is Irish, and belongs 
to an early period of our history, when the names of Paganism were still 
retained, There was a Maelcaich, son of Aedh Bennan, King of West Munster, 
who may have lived to about the year 700, but he could not have been the 
scribe of our MS., who was probably a century, or perhaps two, later. 


* Berno was abbot of Reichenau, and wrote a treatise on the Mass, which has been frequently 
printed. It may be seen in the ‘‘ Bibliotheca Patrum” (Lugd. 1677), vol. xviii. fol. 56. 
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The Office of the Mass, in this MS., begins with the Litanies, which are 
preceded by the antiphon Peccavimus; over this Maolcaich has inserted the 
rubric— 

“ Letania apostolorum ac martirum sanctorum virorum et virginum incipit. 
Deus in adjutorium nostrum intende.” 

I have not retained here the contractions of the original, which may be 
seen in Dr. O’Conor’s fac-simile plate of the page in which this rubric occurs. 

Dr. O’Conor’s account of the order of the prayers in this Missal is, on the 
whole, very correct, and I shall, therefore, briefly repeat what he has said, 
adding only such observations as my examination of the MS. has suggested. 

After the Litanies, which, for the reason already given, I could not tran- 
scribe, we have in this Missal (I quote Dr. O’Conor’s words*) “the hymn 
Gloria, without any allusion to the Confiteor, the commencement of the Roman 
Mass ever since the ninth century; neither does the Paz vobis, or the Dominus 
vobiscum, which are frequently repeated in the Roman, occur anywhere in the 
Irish, although inthe Roman they are certainly as old as the tenth century. 
In the Roman the Collect follows the Gloria, and consisted always of one 
prayer,” [?] “as at present. In the Irish it consists of several prayers for the 
priests, the people, the Universal Church, the peace and prosperity of princes 
and kingdoms, for the distributor” [givers] “ of alms, &c.”} 

This last circumstance is interesting ; for Dr. O’Conor has shown that at 
a Synod held at Matiscon, A. D. 623 [not 620, as he has it], to consider certain 
objections brought by one Agrestius against the rule of St. Columbanus, this 
peculiarity of the Irish Missal is noticed. It appears that the monks who fol- 
lowed the rule of St. Columbanus at that time on the continent of Europe 
observed in every respect the rites and customs of the Irish Church, and even 
the tonsure from ear to ear, which was peculiar to Ireland and Scotland. 

Mapit1oy, in his “ Annals of the Benedictine Order” (vol. i., p. 320), gives a 
‘ull account of this controversy, and mentions, amongst other objections urged 
oy Agrestius, the following:—“In summa quod a cxterorum ritu ac norma 
lesciscerent, et sacra missarum solemnia orationum et collectarum multiplici 
varietate celebrarent.” The answer of Eustasius, who appears to have been 


* Stowe Catal., Append. No. f., p. 43. 
+ See the Office for Easter Eve in the Bobio Missal (Museum Ital., tom i. part ii. p. 320). 
c2 
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the abbot of the Columban Monastery of Luxovium, or Lisieux (he calls him- 
self “ejus [Columbani] discipulus et successor”), admits the fact, and defends it 
thus:—*Orationum porro multiplicationem in sacris officiis multum prodesse 
quis neget? Cum et orationi sine intermissione vacari nobis ex divino pre- 
cepto incumbat, et quo plus Dominus queritur, plus inveniatur, nihilque cuivis 
Christiano ei maxime peenitentibus salubrius sit, quam Deum multiplicatione 
precum et orationum assiduitate pulsare.” 

Dr. O’Conor quotes a passage from the Rule of St. Columbanus, which 
describes this multiplicity of prayers, in exact conformity with the Stowe Missal; 
although, on examining the context, it would seem that the Rule was speak- 
ing of the versicles interposed between the Psalms of the Daily Office, not of 
the Collects in the Mass.* Be this, however, as it may, it is certain that this 
Missal represents one of the ancient liturgical offices in use in the Irish Church, 
by the second “ Ordo” of Irish saints. 

To give an idea of these Collects, I may add to what Dr. O’Conor has said, 
that one of them is entitled, “Oratio prima Petri,’ beginning, “ Deus qui culpa ;”+ 
then follows a lesson from 1 Cor. [xi.], beginning—“ Fratres quotiescunque 
manducabitis ;” then ‘“ Omnipotens sempiterne Deus, qui populum tuum,” &c. 

“R. Querite Dominum, et confirmamini. Fortitudo mea, et laudatio mea 
usque in salutem. 

“ Sacrificio presentibus Domine quesumus intende placatus, ut devotionis 
nostre proficiant ad salutem. 


* The words are:—‘“‘ Per diurnas terni Psalmi horas pro operum interpositione statuti sunt a 
senioribus nostris cum versiculorum augmento intervenientium pro peccatis primum nostris, deinde 
pro omni populo Christiano, deinde pro Sacerdotibus, et reliquis Deo consecratis sacre plebis gradibus, 
postremo pro eleemosynas facientibus, postea pro pace regum, novissime pro inimicis, ne illis Deus 
statuat in peccatum quod persequuntur et detrahunt nobis, quia nesciunt quid faciunt.”—Reg. S. 
Columbani, cap. 7 (FLemtnG, Collectan. Sacr., p. 6). Specimens of the Collects here alluded to may 
be seen in the Antiphonary of Bangor, published by Murarort, “‘Opere,” tom. xi. part iii. p. 217, seq. 
(Arezzo, 1770), and also in the ** Liber Hymnorum,” preserved in the Library of Trin. Coll., Dublin, 
a MS. probably of the tenth century. 

+ This prayer occurs in what is called ‘* Missa Cotidiana Romensis” [i. e. ex Ordine Romano 
seu Gregoriano,” as Mazitton explains it] at the end of the “Missale Gothicum” (MaBiLton, Lit, 
Gallican., p. 300); also in the ‘Missa Romensis Cotidiana,” in the Bobio Missal (Mus. Ital., tom. i. 
part ii. p. 279).—It is as follows:—‘‘ Deus qui culpa offenderis, peenitentia placaris, afflictorum 
gemitus respice, et mala que juste inrogas misericorditer averte. Per.” 
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“Deprecatio S. Martini pro populo incipit. Amen. Deo gracias. Dicamus 
omnes Domine exaudi et miserere.” 

We find nothing corresponding to our present Epistles and Gospels, but only 
the lesson from 1 Cor. already mentioned, and another from St. John, vi., both 
which bear directly on the institution of the Eucharist. 

The lesson from St. John, vi. is introduced, p. 14 of the MS., with this 
rubric (in the more modern hand)— 


lechoipech puno 
dirigatur domine usq; vespertinum. 
tunc canitur. hic elevatur 
linteamen de calice ueni dite 
sanctificator omnipo. et 
benedic hoe sacrificium prepa- 
ratum tibi, amen. tunc canitur 
Ie. evangelii sec. iohannem 
dns. n. 1. x. dixit ego sum panis et 
oratio gg sf evangel. quesumus 
die omnipotens, &e. 


In page 20 we have the following Ivish rubric (in the later hand) :— 
lanoipech puno. 


These rubrics Dr. O’Conor passes over without notice, and, therefore, it 
will be necessary to make some remarks on them. The words lechoipech 
und, in the first, and lanomech uno, in the second, are in the Irish language, 
and signify “a half uncovering here,” and “a full uncovering here,” intimating 
that the chalice was half uncovered before, and fully uncovered after the read- 
ing of the Gospel from St. John, vi. 

Mr. Curry has given me the following extract from a curious tract, an 
explanation of the ceremonies of the Mass, preserved in the Leabhar Breac, 
which throws some light upon this, and fully establishes the signification of the 
word vipech in the foregoing Irish rubrics. It is as follows :— 


* 
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In 01 noécad co Leis In choilig o1ppind 7 ina 
habloimne, 7 1 cantap occu izip popcel 4 
alleoip, Figuip pecca lism pm in po cep- 
chanav Cpipc co pollup, acc na pacurp he 
cein co nsenip. Compabail in chorlig oip- 
pind 7 na meip) ap na Lanoipsud 1 canan 
mM peppa .1. mmola deo pacpipicium Lauoip, 


The two uncoverings, including the half of 
the chalice of the Offertory, and of the Obla- 
tion, and what is chanted with them, both in the 
Gospel and alleoir,* figure the written law, in 
which Christ was manifestly foretold, but was 
not seen until his birth. The elevation of the 
chalice of the Offertory and the paten, after 


&e. the full uncovering, at which is sung the 
verse Immola Deo sacrificium laudis, &e.t 


Here it will be observed, that the word translated “full uncovering” in the 
concluding clause is lanoipsud, the very same word, allowing for the ortho- 
graphy of a later age, as the lanoinech of the Stowe Missal; and it is explained by 
the synonymous noctao, uncovering, or baring, at the beginning of the extract. 

“ Dirigatur domine usque vespertinum.”—These words are from Ps. cx]. 2 
(Vulg.), and are still used in the Roman Missal, where the priest incenses the 
altar: —“ Dirigatur, Domine, oratio mea sicut incensum in conspectu tuo: ele- 
vatio manuum mearum sacrificium vespertinum.” 

“Tune canitur.”—Anticipating, perhaps, the Tune canitur locus evangelit, 
&e., which occurs lower down. 

“ Hie elevatur linteamen de calice.”— 
be raised from the chalice.” 

“Veni domine sanctificator omnipotens, et benedic hoe sacrificium preparatum 
tibi. Amen.”—The present Roman Missal has this prayer immediately after the 
oblation:—“ Veni sanctificator omnipotens eeterne Deus, et benedic hoc sacri- 
ficium tuo sancto nomini preparatum.” But the old Hereford use of the Church 
of England employs the prayer in the oblation of the chalice, in the following 
form :—“ Veni sanctificator omnipotens et Domine Deus. Benedic et sanctifica 
hoe sacrificium quod tibi est preeparatum.” 

The next words may be thus given in full:— 

“Tune canitur locus evangelii secundum Johannem, Dominus noster Jesus 
Christus dixit, Ego sum panis et,” &c. “Oratio Gregorii super evangelium: 
Quzsumus Domine omnipotens,” &c. 


“The linen cloth (or vest) is here to 


* This word seems corrupt; it is either Alleluia, or Gloria; perhaps a confusion of both together. 
} ‘“‘Leabhar Breac,” fol. 126 a. j 
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I know not what this “Oratio S. Gregorii” may be, unless it be the fol- 
lowing, which occurs among the “ Orationes quotidianz” at the end of St. Gre- 
gory’s “ Liber Sacramentorum :”*— 

“ Quxsumus omnipotens Deus, ne nos tua misericordia derelinquat, que et 
errores nostros semper amoveat, et noxia cuncta depellat. Per.” 

Another remarkable fact noticed by Dr. O’Conor is this, that the Stowe 
Missal omits the celebrated addition of jiliogue in the Creed. This is not a 
proof of heterodoxy, but only of antiquity; for that addition, as is well known, 
did not become general in the West until after the time of Pope Leo III.,—the 
beginning of the ninth century. This is about the date of the later handwriting, in 
which the additions and alterations inserted in this MS. have been made through- 
out; and accordingly we find that jilioque has been interlined in the more.recent 
hands Dr. O’Conor, in his Plate, has given a fac-simile of this passage of the 
Creed, by which it appears that the reading of the original MS. was as follows:— 

“Cujus regni non erit finis. Et in spiritum sanctum, dominum et vivifica- 
torem, ex patre procedentem, cum patre et filio coadorandum, et conglorifi- 
candum.” 

And that the more recent hand had altered the clause following the word 
vivificatorem, thus:— 

“qui ex patre filioque procedit, qui cum patre et filio simul coadoratur, et 
conglorificatur ;” 

—an alteration which brings it to the reading which has gradually gained ground 
in the Western Church since the ninth century. 

It is satisfactory to find that the date which we must assign to the interli- 
neations and alterations made in the original MS., judging merely by the cha- 
racter of the handwriting, is so fully confirmed by independent historical facts. 

Here, however, it is necessary to make some remarks on the comparison 
which Dr. O’Conor has suggested between the Stowe Missal and the Sacra- 
mentary of Bobio, published by the learned Benedictines, Manition and Gur- 
MAIN, in their “‘ Museum Italicum.”f 

“Tt is very remarkable” (says Dr. O’Conor) “that neither in the Bobio 


* Opp. (Ed. Bened.), tom. iii. part i. col. 197. But there are several other Collects in St. 
Gregory’s Sacramentary which begin with the words,—‘ Quesumus omnipotens Deus,” as the 
Collect for Third Sunday in Lent; for Passion Sunday; and see also Joc. cit., col. 193, 195. 

+ Museum Italicum, tom. i. part il. p. 273, seq. 
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MS., nor in the Stowe Missal (both Irish) is the celebrated addition jilioque to 
be found in the Creed.”* 

And again :— 

“We shall only briefly remark that, in the Irish [Missal], the descent of 
our Saviour into hell is not in the Creed; neither is it in the Irish Missal dis- 
covered by Muratori at Bobio, though it is expressly mentioned in the Nicene 
and Constantinopolitan.” 

This last statement is a singular tissue of blunders, arising apparently from 
carelessness, for Dr. O’Conor could not have been ignorant that the article of 
the descent into hell does not occur in the Nicene or Constantinopolitan Creed. 
But this is not his only error, for this clause does occur in the Creed of the Bobio 
Missal, as quoted by himself in another work.{ In fact, the very reverse of the 
foregoing statement is true; the descent into hell is in the Bobio Missal, although 
it is not expressly mentioned in the Nicene and Constantinopolitan Creeds; and, 
therefore, does not occur in the Stowe Missal for that very reason, because the 
Creed there given is, in substance, the Nicene Creed, whereas that of the Bobio 
MS. is founded rather upon the Apostles’ Creed. 

A more important fact, which Dr. O’Coyor has omitted to notice, is, that 
in the Stowe Missal the Creed is recited as a part of the Mass, whereas in the 
Bobio MS. it does not so occur, as Manriion has remarked:—“ Nulla hic” (he 
says) “mentio de Symbolo C. P. occurrit, quod fortasse tum in Missa Gallicana 
haud recitaretur.”|| The Creed, which is of course the Baptismal Creed, occurs 
in a special service (used on Palm Sunday in the Gallican Church), which 
in the Bobio Sacramentary is called Ad awriwm apertionem,** and in the “ Missale 
Gallicanum Vetus,” published by Mazitzon in another work,}} “ Lxpositio vel 
traditio Symboli.” 


* Append. No. I. p. 45. 

+ Another evidence of the carelessness with which the above paragraph was written is, that Dr. 
O’Conor attributes the discovery of the Bobio MS. to Murarort, instead of to MasrLton. 

} Rer. Hib. Scriptt., tom. i, Epist. Nunce., p. cxxxvii. 


|| Mus. Ital., ubi supra, p. 282. ** Thid. p. 310 seq. 
tt “De Liturgia Gallicana,” lib. iii, p. 339. Isidorus Hispalensis tells us that this ceremony 
took place on Palm Sunday:—‘ Hoe die (he says) Symbolum competentibus traditum propter 


confinem Dominice Pasche sollemnitatem: ut quia jam ad Dei gratiam percipiendam festinant, 
fidem quam confiteantur agnoscant.”—De Of. Eccles., cap. xxvii. And the custom is enjoined by 
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Lhe fact that the Creed forms a part of the Office of the Mass in the Stowe 
Missal is no argument against the high antiquity I have assigned to that MS. 
For, although the Constantinopolitan Creed was not publicly sung at Rome 
until the time of Leo III.,* and did not become fully established in the Mass 
until the eleventh century, it is admitted by all that it was used in other 
Churches. The third Council of Toledo, A. D. 589, enjoined:— Ut per 
omnes ecclesias Hispaniz, vel Galleeciee, secundum formam orientalium eccle- 
siarum Concilii Constantinopolitani, hoc est cL episcoporum, symbolum fidei 
recitetur; ut priusquam Dominica dicatur oratio, voce clara a populo decan- 


the Synod of Agde, in Languedoc, held A. D. 506, Can. 13:—‘*Symbolum etiam placuit ab omni- 
bus ecclesiis una die, i. e. ante octo dies Dominice resurrectionis, publice in ecclesia competentibus 
tradi.” The competentes were the catechumens who were deemed admissible to baptism, and 
therefore, the Creed used was of course the Baptismal Creed. 

* This is not the place to discuss the question of the introduction of the Constantinopolitan 
Creed into the Roman Liturgy. But it is evident from the words of Berno, Abbot of Reichenau, 
that the custom had not fully established itself in his time, i. e. about A. D. 1014; for he tells us that 
he himself was present when the Roman presbyters, being asked why they did not chaunt the Creed, 
answered, that the Roman Church, having never been infected with heresy, had not the same need 
to chaunt the Creed frequently as other Churches: ‘“‘At Dominus Imperator” (he adds, i.e. Henry 
II.) ‘non ante desiit, quam omnium consensu id Domino Benedicto Apostolico” [i, e. Benedict 
VIII.] ‘‘ persuasit, ut ad publicam Missam illud [sc. symbolum] decantarent; sed utrum hane 
consuetudinem servent adhuc, affirmare non possumus, quia certum non tenemus.”—De rebus ad 
Missam pertinentibus, cap. 2. (Biblioth. Patr. Lugd. tom. xviii. p.58 A.) Marrene explains this by 
saying that Brrno is only speaking of the Creed being chaunted, and that it does not follow that it 
was not said or read before that time (De S. Eccl. Ritibus, lib. i. c. 4, art. 5, n. 11); and he refers to the 
conference between Leo III. and the messengers of Charlemagne, relative to the introduction of 
filioque into the Creed, A. D. 809, by which it appears that the same question was at that time agi- 
tated, and the same distinction between reading and chaunting alluded to; the custom of the Roman 
Church being to read, and not to chaunt the Creed. For, the messengers having asked whether the 
Pope had not himself given leave to have the Creed chaunted at Rome, and so adopted the usage of 
other Churches, Leo answers:—‘‘Ego licentiam dedi cantandi; non autem cantando quidpiam 
addendi, minuendi seu mutandi;” and shortly afterwards, ‘‘quod vero asseritis, ideo vos ita cantare, 
quoniam alios in istis partibus vobis priores audistis cantasse, quid ad nos? Nos enim id ipsum non 
cantamus sed legimus: et legendo docere, nee tamen legendo aut docendo addere quidpiam eidem 
symbolo inserendo presumimus.”—Collatio Rome habita, ap. Hardouin, Concil., tom. iv., col. 973. 
Butif the question was merely between reading and chaunting, the answer of the Roman Presby- 
ters, reported by Berno, that the Roman Church was never infected with heresy, loses its point. 
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tetur.”* So that this Creed may very well be found in a liturgy of even much 
earlier date. 

In the Antiphonary of Bangor, published by Murarorif from a MS. in the 
Milan Library, which is undoubtedly Irish, there occurs a Creed very similar 
to that found in the Gallican Sacramentaries, and which, as it is founded on 
the Baptismal Creed, was probably used in the same way for the instruction of 
catechumens, not recited or chaunted in the Mass. 

It remains to observe, that I cannot subscribe to Dr. O’Conor’s opinion that 
the Sacramentarium of Bobio, published by Mazitton, was an Irish MS. The 
specimen of its characters which Masrtxon has given,{ and which Dr. O’Conor 
has very incorrectly copied (Epist. Nunc., p. cxxx., Plate I., No. 1), isenough to 
convince every one competent to give an opinion, notwithstanding Dr. 
O’Conor’s assertion to the contrary, that the writing does not belong to the 
Scotic or Irish school; and the entire absence of any allusion to the name of 
an Irish saint ought at once to decide the question. Compare it in this respect 
with the Stowe Missal and the Antiphonary of Bangor, both of which exhibit, 
beyond the possibility of doubt, their Irish origin. It contains a “ Missa S. 
Sigismundi regis,” i. e. St. Sigismund, King of the Burgundians (ob. 515), which 
could scarcely be found in an Irish Missal, but most clearly indicates a Gallican 
ritual; nor does any allusion occur in it to Bobio, Columbanus, or anything 
that could even indirectly connect it with Ireland,$ except that in the “ Judi- 
cius penitentialis,’ with which the volume concludes, the 28th canon seems 
to have been taken from the Mensura peenitentiarum of the Irish St. Cummian. 
But as this work was well known on the Continent of Europe, such a coin- 
cidence is a slender foundation for the conclusion that the whole Missal is Irish. 
The two passages are as follows:— 


“ Hardouin, Concil., tom. iii, p. 479. This must mean, not that the custom of reciting the 
Creed was adopted from the Eastern Churches, as Masrtton strangely understands it (Comment. 
tn Ord. Rom. in Mus. Ital., u1., p. xlii.), but that the Creed to be so recited was the form adopted 
by the Eastern Churches at the Council of Constantinople of 150 Bishops; in other words, the 
Constantinopolitan Creed. 

+ Opere (Arezzo, 1770), tom. xi., part iii., pp. 217-251. 

~ Museum Ital., vol. i., part ii., p. 276. § See Maxitton’s remarks, loc. cit., p. 276. 
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Tue Bosro MS. 

“xxv, Si quis clericus postquam se Deo 
voverit, iterum ad seculum reversus fuerit, vel 
uxorem duxerit duodecim annos peniteat, sex 
in pane et aqua, et numquam in conjugio co- 
puletur. Quod si noluerint, sancta sedes apos- 
tolica separayit eos a communione sanctorum, 


S. CumMIAN. 

‘Si clericus aut monachus postquam se Deo 
voverit, ad secularem habitum iterum rever- 
sus fuerit, aut uxorem duxerit, decem annis 
peniteat, tribus ex his in pane et aqua, et 
nunquam postea in conjugio copuletur: quod 
sinoluerit, sancta synodus, vel sedes apostolica 


Similiter et mulier postquam se Deo vovit, et separavit eos a communione et convocationibus 


tale scelus admiserit, similiter faciat.”* Catholicorum., Similiter et mulier, postquam 
secundo voverit, si tale scelus admiserit, pari 


sententia subjacebit.”+ 


On the strength of this coincidence Dr. O’Conor builds the following ar- 
gument for the Irish origin of the Missal of Bobio:— 

“Denique, Missale hoe Portatile S. Columbani Discipulis deberi, patet ex 
Penitentiale Hibernico ad ejus calcem apposito, in quo ipsa verba Peenitentia- 
lium Cumeani et Columbani occurrunt, ut Mabillonius ipse fatetur.”} 

Nothing can be more unfair than this statement. Assuming this Missal to 
have been portatile (which does not appear), that fact is nothing to the pur- 
pose. For although Dr. O’Conor shows, what is well known, that the Irish 
ecclesiastics, after the Danish invasions in the ninth century, were driven to 
take refuge on the Continent of Europe,§ and carried with them portable Missals, 
it does not follow that every portable Missal must be Irish, or every Irish 
Missal portable. 

Again, he calls the Peenitentiale, at the end of the Bobio MS., “ Pceniten- 
tiale Hibernicum,” which is an argument in a circle, as there is no reason to 
suppose it Irish except the passage which he quotes to prove it so. 

He tells us also that the very words ipsa verba, not of Cummian only, but 
of Columbanus also, are adopted in the Bobio MS.:—“Ipsa verba Pceniten- 
tialium Cumiani et Columbani;” giving his readers to understand that there 
were two Penitentials,—one of Cummian and one of Columbanus,—and that 
both were quoted, even to their ipsa verba, in the Penitential of the Bobio 
MS. But although it was certainly very important to Dr. O’Conor’s conclu- 


* Museum Ital. wt supra, p. 393. Murartort, Liturg. Rom. Vet., tom. ii. p. 964. 
+ Fremine, Collect. Sacr., p. 200. 


¢ Rer. Hib. Scriptt., tom. i. Epist. Nune., p. cxxxviii. § Loe. cit., p. exxxi 
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sion that Columbanus should be quoted, or in some way referred to in this MS., 
it unfortunately happens that no such document as the Penitentiale of Colum- 
banus is known to have existed, unless his Regula Cenobialis* be intended; 
nor is there anything to prove whether the Peenitentiale of Bobio has quoted 
the ipsa verba of Cummian, or Cummian the ipsa verba of the Bobio MS.; or, 
finally, whether both may not have copied from some common source, which 
is the most probable supposition, when we see, from the foregoing comparison 
of the two passages, that the ipsa verba have not in fact been quoted.f 

But Dr. O’Conor tells us that Mazitton himself confesses: — Mabillonius 
ipse fatetur,”—and to prove this he cites in a note the following words of Ma- 
BILLON: I give them exactly with the break in the middle, as Dr. O’Conor has 
printed them :— 

“In fine etiam, quod rarissimum est, et pene singulare, habetur Liber Pa- 
nitentialis, in quo multa scitu digna occurrunt ..... . que, tisdem fere verbis, 
reperies in Peenitentiali Cummiani, editionis Lovaniensis anni 1667.”—Ma- 
BILLON, Muscet Ital., tom. i., p. 276 et 393. 

What would a reader suppose from this citation to have been the statement 
of Mazitton? Certainly, that “multa scitu digna” are to be found “ iisdem 
fere verbis” in the Pcenitentiale of Cummian. Yet Masitton says nothing of 
the sort. There are here two sentences separated by dots. In the first, which 
occurs in his prefatory remarks, p. 276, Masrtxon tells us that at the end of 
the Missal there is a Liber Pernitentialis (a thing of very rare occurrence), in 
which are many things well worth knowing—* multa scitu digna.”. The other 
passage occurs in a note on page 393, after an interval of 117 pages. It is not 
likely that after so much intervening matter the two passages could have been 
intended as one. What Masrtton says in p. 393 is this: —“ Hee” [not que] 
iisdem fere verbis reperies,” meaning by hee, the words of Can. 28, which have 


* Fiemina, Collect. Sacra, p.19. It is entitled, “Regule ccenobialis fratrum, sive Liber de quo- 
tidianis penitentiis monachorum.” 

t+ The extract above given from St. Cummian contains an enactment much less severe than that 
of the Bobio Penitentiary; and there are other additions which render it more probable that Cum- 
mian quoted from the Bobio MS., or from some common authority, than that the Bobio MS. 
copied from 8. Cummian. If thisbe so, and if we assume that Cummian’s Penitentiary is an Irish 
authority, it will prove that the Irish author borrowed from the Gallican, and not the Gallican 
from the Irish. 
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been given above in juxtaposition with the corresponding words of St. Cummian. 
And this is the most cogent argument employed by Dr. O’Conor to prove the 
Irish origin of the Bobio Missal! 

But he has also another argument. He tells us that the Missal was written 
at the end of the sixth or beginning of the seventh century,—the very time in 
which Columbanus wrote his fourth Epistle to Boniface, and that there is a 
passage in that Epistle agreeing verbally with one in the Missal, and alluding 
to the wars that desolated Italy at the time. I give these passages in parallel 
columns :— 


CoLuMBANUS. 


“Mundus jam declinat” [here a column and 
a half of Fleming’s page are omitted by Dr. 
O’Conor without notice] “Dominus appropin- 
quat, et prope jam in fine consistimus inter 


Tue Bosio Missat. 


“Oremus Dominum, dilectissimi nobis, quia 
amara nobis adveniunt tempora, et periculosi 
adproximant anni. Mutantur regna, vocantur 
gentes: excidit caritas, exsurgit iniquitas: in- 


tempora periculosa. Ecce conturbantur gen- crevit cupiditas: prevaluit impietas.”+ 
tes, inclinantur regna; ideo cito dabit yocem 


suam Altissimus et movebitur terra.”* 


These are passages which exhibit no verbal agreement; they may have been 
written by two different authors living at the same period, with reference to the 
same events; but they do not prove that either author had seen the other; and, 
therefore, in fact, prove nothing to Dr. O’Conor’s purpose. 

On the whole, I conclude that there is not the slightest reason to question 
the decision of Mazrtton, in which Muratorr concurs: “Ordo missx quem 
subjicimus, haud dubie pertinet ad Liturgiam Gallicanam.”} 

It has already been remarked that the Stowe Missal contains no selection 
of Epistles and Gospels for the Sundays and festivals of the year. This is not 
surprising, as it was a Missale portatile, or Sacramentarium; and the festal or 
Dominican Epistles and Gospels, if they then existed, may have been contained 
in a different book. But Dr. O’Conor, in noting this fact, makes the follow- 
ing remark:— 

“ Neither does St. Columbanus’s Missal, which was discovered in the monas- 


* Fremine, Collect. Sacr., p. 140. t+ Mus. Ital., loc. cit., p. 371. 
t Mus. Ital, Joc. cit., p. 273. Murarort, Liturg. Vet. Rom., tom. ii, 
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tery of Bobio, a thousand years after his death, and is now in the Ambrosian 
Library, contain the selections for the Sundays of the year.”* 

It is marvellous that such a statement could be made by any one who had 
seen MasrLion’s edition of the Bobio Missal, which contains Epistles and Gospels 
for all the Sundays and festivals. I say nothing of the assumption that this is 
“St. Columbanus’s Missal,” for which, as we have seen, there is not the smallest 
evidence ; or of the assertion that it is now in the Ambrosian Library, which 
was, perhaps, a slip of the memory, occasioned by confounding this MS. with 
the Antiphonarium Benchorense, published by Muratort. 

We must now return to Dr. O’Conor’s description of this MS. 

He remarks correctly that in enumerating the orders of the hierarchy, three 
only are mentioned in this Missal, viz., bishops, priests, and deacons,—“ a proof,” 
he says, “that it was written before the order of subdeacons was added in the 
twelfth century.” 

He tells us also that the ceremony of mixing water with the Eucharistic 
wine is wholly omitted, as well as the prayers which now follow the Offertory 
in the Roman Missal, the Lavabo, and the prayer, Suscipe, saneta Trinitas. 

The festivals commemorated are the following:—(1.) “ Natale Domini” 
(Christmas-Day). (2.) “AZ.” (i.e. Circumcisio Domini,—the 1st of January). 
(3.) “Stelle” (the Epiphany). (4.) “Dies natalis calicis Domini nostri” (i.e. 
the first day of Lent). (5.) “Pasca” (Easter). (6.) “Clausula pasce” (Low 
Sunday). (7.) “Ascensio” (Ascension Day); and (8.) “ Pentacoste” (sic). 
“ For these festivals,” Dr. O’Conor says, “ there is but one common preface; 
nor is there any distinction save the inserting in that preface the name of each 
festival as it occurs in the calendar.” 

“This part of the Service (as Dr. O’Conor goes on to notice) is in this Mis- 
sal twice interrupted by rubrics in the Irish language, written in the more 
modern hand, but without any interval between the words, thus:— 


IpunoToTETOIFNuinconmarginomaropenquembeypinaoiwoivdichall, 


which Dr. O’Conor translates: — 
“Here the Dignum is to be chaunted, if the [words] per quem follow the 
last [word] above [mentioned].” 


* Stowe Cat., App. No. I. p. 45. + Stowe Catal., vol. i, App. No. L., p. 44. 


The Rev. J. H. Topp on an Ancient Irish Missal. 31 


Another similar rubric is as follows (correcting the typographical mistakes 
in Dr. O'Conor's copy of it):— 


IpunototecoIgnuinconmiginomaiopepbeppinaoiuoroichall, 


which he translates : — 

“Here the Dignum is to be chaunted, if the Sanctus follows the [words] 
above.” 

But these translations are quite untenable; nor are they intelligible. Dr. 
O’Conor offers no explanation, but leaves it to his readers to make sense of 
them if they can. The true meaning of the first Rubric is as follows:— 

“Here the Dignum receives the addition, if per quem follows in the text a 
and of the second— 

“Here the Dignum receives the addition, if Sanctus follows in the text.” 

To explain this we have only to recollect, that after the response of the 
people, “Dignum et justum est,” the priest proceeds: — 

“Vere dignum et justum est equum et salutare, nos tibi semper et ubique 
gratias agere, Domine sancte Pater, omnipotens, «terne Deus: per Christum Do- 
minum nostrum. 

“Per quem Majestatem tuam laudant angeli, &c. 

“Cum quibus et nostras voces ut admitti jubeas deprecamur supplici con- 
fessione dicentes, Sanctus, Sanctus, Sanctus, &c.” 

But on saints’ days and festivals additions were made to the ordinary form 
of this prayer (called in these rubrics, from its first words, the Dignum) before 
the clause beginning Per quem, and before the Sanctus. 

This fully explains the foregoing rubrics, which are intended to mark the 
places where the priest is to introduce these proper prefaces, as the English 
Liturgy calls them, in the Ordinary of the Mass. 

The Te igitur is entitled, in a rubric of the later handwriting, “ Canon 
dominicus pape gilasi.” 

Dr. O’Conor, in the section of his account of this MS. entitled “Remarkable 
Differences in the Canon of both Missals” (i. e. of the old Irish and of the pre- 
sent Roman Missal), quotes a passage from the Canon of the Irish Missal, which, 
he says, shows that it was compiled before the total abolition of idolatry in 
Ireland. In transcribing this passage he has omitted the word sed, but other- 
wise he gives it correctly: it is as follows:— 
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“Hanc igitur oblationem servitutis nostre ecclesiz sed et cuncte familie 
tue quam tibi offerimus in honorem Domini nostri Jesu Christi, et in comme- 
morationem beatorum Martirum tuorum, in hac ecclesia quam famulus tuus ad 
honorem nominis gloriz tue edificavit, quesumus Domine ut placatus suscipias, 
eumque atque omnem populum ab idulorum cultura eripias, et ad te Dominum 
patrem omnipotentem convertas.” 

Dr. O’Conor has not noticed the most remarkable peculiarity of this 
prayer, namely, that it seems to refer to a particular church, and that it speaks of 
the founder or builder of that church as still living, praying “that he, as well 
as all the people, may be delivered from the worship of idols:’—“in hac ecclesia 
quam famulus tuus . . . edificavit ;’-———“ EUMQUE atque omnem populum ab 
idulorum cultura eripias, et ad te Dominum Patrem omnipotentem convertas.” 

This is very singular. Are we to infer that the church alluded to was 
built by a Pagan, who continued still in idolatry ?* If so, it is strange that he 
should be styled, as he is here, a servant of God, “famulus Tuus.” But what 
seems most remarkable is that he must evidently have been living when 
the prayer was composed: for “ab idulorum cultura eripias,’ and “ad 
Te convertas,’ are petitions that could not well occur in a prayer for the 
dead. 

“ The words of consecration,” Dr. O’Conor adds, “follow those above men- 
tioned, agreeing literally with the Roman, down to the Memento for the dead.” 
“ But here,” he says, “the Irish differs not only from the Roman, but from the 
Gallican, German, Mozarabic, and all those that are mentioned by MarTenz, 
Masitton, Bona, and Renaupor.” He gives the following extract correctly, 
with the exception of two omissions, which I have inserted in brackets:— 


* There is a curious story in the Life of St. Ruadhan of Lorrha, which, however, bears upon 
the present subject only as showing that the supposition of an idolatrous chieftain building a 
Christian church is not impossible. ‘ Fuit vir pessimus in regione Midiz, nomine Eighmea, qui 
aliquando vicum Sancto Ado filio Bric, ut ibi cellam edificaret, obtulit.”—(Quoted by Colgan, 
Append. 2da, ad Vit. Columbe, Part I, c. xxxix., p. 461.) This was St. Aedh Mac Bric, Bishop 
of Killare, in Meath, The story goes on to say that the man died, and that his soul was seized 
upon by the devils. St. Aedh, anxious to save him, invoked St. Ruadhan and St. Columba, 
both being then living, although absent, the one at Lorrha, the other at Hy. The saints flew to 
meet their brother St. Aedh, and all three fought the devils in the air, and delivered the captive 
soul of the vir pessimus. 
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“Memento etiam Domine et eorum nomina, qui nos precesserunt cum 
signo fidei, et dormiunt in somno pacis cum omnibus in toto mundo [offeren- 
tibus] sacrificium spirituale Deo Patri et Filio et Spiritu sancto, Sanctis et 
venerabilibus sacerdotibus offert senior noster .N. presbiter, pro se et pro suis, 
et pro totius xclesie cetu catholice, et pro commemorando anathletico gradu 
venerabilium patriarcharum, profetarum, apostolorum, et martyrum, et om- 
nium quoque Scotorum,* ut pro nobis Dominum Deum nostrum recordare 
dignentur : 

Scé Stefane, ora pro nobis 
Scé Martine, o. p. nobis 

Scé Hironime, o. p. nobis 
Scé Augustine o. p. nobis 


“Scé Grigori, Scé Hilari, Scé Patricii, Scé Ailbei, Scé Finnio, Scé Finnio, 
Scé Ciarani [Scé Ciarani], Scé Brendini, Scé Brendini, Scé Columba, Scé Co- 
lumba, Scé Comgilli, Scé Cainichi, Scé Findbarri.” 

Here Dr. O’Conor’s extract stops. He adds:—“ And soit proceeds, giving 
the names of thirteen other saints, all Irish; the latest of whom, Senecha, died 
before the middle of the seventh century.” The names of these thirteen saints 
are as follows:— 

“S. Nessan, S. Factne, S. Lugid, §. Lacten, S. Ruadan, S. Cartheg, S. 
Coemgen, §. Mochonna, S. Brigta (sic), S. Ita, S. Scetha, S. Sinnech, 
S. Samdine.” 

It will be observed that some names are repeated; because there were two 
saints of the name: as St. Finnio or Finnian, of Maghbile (ob. 579), and St. 
Finnian of Cluan-iraird [Clonard] (ob. 549); St. Ciaran of Saigher (said to 
have been older than St. Patrick), and St. Ciaran of Clonmacnois (ob. 549); 
St. Columba or Columbkille of Hy (ob. 595), and St. Columbanus (ob. 615) ; 
St. Brendan of Clonfert (ob. 577), and St. Brendan of Birr (ob. 572). 

Dr. O’Conor observes that the latest of these saints died before the middle 
of the seventh century, which, however, is not quite correct, for St. Mochonna 


* [have very little doubt that this word is a mistake in Dr. O’Conor’s transcript, and that the 
original must be scorum, i.e. Sanctorum, not Scotorum. But I omitted to note whether or not it 
was so, when I had the MS. before me. 
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died A.D. 704. He has, however, omitted to notice the fact that this Litany 
is not in the original hand of the MS., but in the later handwriting, of which 
I have several times spoken. The date, therefore, which is thus obtained 
applies to all these additions, made, as we have seen, by one Maolcaich; and, 
as they must, therefore, be referred to the eighth century, they furnish a strong 
additional evidence of the very high antiquity of the original Missal. 

Dr. O’Conor proceeds to describe the contents of the MS. as follows: —“ The 
Litanies are followed by the Agnus Dei, and then by a short prayer which is 
ascribed to St. Ambrose; after which another commemoration begins of all the 
principal saints of the Old Testament, followed by Apostles, Martyrs, &c., down 
to St. Patrick. Forty-six others follow him, all Irish, the latest of whom is 
St. Kevin, the founder of Glendaloch. So that here again is a second enumer- 
ation of Irish worthies, terminating before the middle of the seventh page.” 
Here again Dr. O’Conor omits the fact that this second “ enumeration of Irish 
worthies” is also in the more recent hand, which is thus again referred to the 
same period as before. Dr. O’Conor proceeds :— 

“The Missa Cotidiana is followed by the Missa apostolorum et martirum 
et sanctorum et sanctarum virginum, Missa pro peenitentibus vivis, Missa pro 
mortuis.” 

I unfortunately neglected to note whether the “ Missa pro mortuis” is in 
the original or in the more modern hand—a matter of considerable interest, as 
some would deem it an objection to the high antiquity of the original MS., 
that it contained such an Office. 

At p. 70 the Missal terminates, and the Ordo Baptismi begins, giving the 
rites and ceremonies of baptism, as practised in the ancient Irish Church, and 
occupying 41 pages. At the end there are three or four pages more, contain- 
ing a tract in very ancient Irish, of which Dr. O’Conor takes no notice. It is 
probable that he found it difficult to read, as I confess I myself did also. But 
I could very easily have transcribed it, and would have done so, if the noble 
possessor of this most interesting relic of our Church would have consented. 
It appeared to be a general explanation of the Mass, and, if it were made public, 
it would, 1 have no doubt, be of great value, as establishing what the doctrine 
of the Irish Church on the subject of the Eucharist at that early period was. 
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For the same reason I omitted to transcribe the list of forty-six Irish saints, 
which follows the prayer of St. Ambrose, as mentioned above. 

For the history of the MS. before it came into the Stowe collection the 
reader must be referred to Dr. O’Conor’s Appendix, p. 50, from which we 
learn only that this venerable relic of the ancient Church of Ireland was found 
in Germany, by the late John Grace, Esq., of Nenagh, formerly an officer in the 
German service, who unfortunately died without leaving any memorandum 
respecting the monastery or individual from whom he procured it. 

In conclusion, I have to apologize to the Academy for laying before them 
a paper in which I have had so often been obliged to reason from uncertain 
data, and very imperfect materials. But the subject is one of such importance to 
the history of the Church in Ireland, and to the history of the Missal of the 
Western Church, that I have ventured to submit to the Academy this very 
unsatisfactory essay, in the hope of drawing the attention of the learned to a 
literary relic of such inestimable value. 


POSTSCRIPT. 


I HAVE been permitted by the Council of the Royal Irish Academy to add 
to the foregoing Paper a few additional remarks, in explanation or correction 
of what has been said. 

With respect to the name written in Ogham characters, I have observed 
(p. 17) that, if it be read directly from left to right, it is Sonrp ; but if we 
take it in the opposite direction, it reads Dinos. 

Iam much disposed to think the former to be the true reading, for the 
reason there stated, because the words that follow, “Sanus sit qui scripserit et 
cui scriptum est,” seem plainly to allude to the name Sonm, which is probably 
cognate with the word now written Sonapu, happy, prosperous, and rendered 
Sanvs, as being the nearest Latin word that occurred to the writer. 

The reading Dinos has been suggested by Dr. Graves ; and there is no 
doubt that Ogham names are often so written from right to left,—a practice 
common with Irish ecclesiastics, even in the use of ordinary letters, when they 
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desired to conceal or mask a mystery. Thus, Mapition notices a MS. which 
he found at St. Gall, and which was, most probably, of Irish handwriting, as he 
speaks of its containing certain “barbara vocabula,” which had baffled all 
attempts at interpretation. In this MS. there is an Epistle “ Hrabani Archi- 
episcopi ad Heribaldum Alcedronensis ecclesiz Episcopum,” in which the 
following passage occurs :— 

“Quod autem interrogasti, utrum AYOCYPAKYH postquam consumitur 
et in secessum emittitur more aliorum ciborum iterum redeat in naturam pris- 
tinam quam habuerat, antequam in altari consecraretur :”— 

Here the word written in Greek characters, read from right to left, is 
HYKAPYCOYA, or Hucharistia, which the writer, for an obvious reason, 
desired, in the connexion in which it stands, to write in an occult form. 

The extract proceeds:— 

“Superflua est hujusmodi questio cum ipse Salvator dixerit in Evan- 
gelio: Omne quod intrat in os, in ventrem vadit, et in secessum emittitur. 
CAKPAMHNOY ergo siroproc et siniugnas iid. ex rebus visibilibus et 
corporalibus conficitur: sed invisibilem tam corporis quam anime efficit 
sanctificationem.” 

In this passage the word in Greek characters is to be read from left to 
right, SAcRAMENTUM; but the words following in Roman characters are to be 
read from right to left, so that the meaning is “‘ Sacramentum corporis et san- 
guinis dii [i. e. Domini].” 

The remainder of this extract is as follows:— 

“ Que est enim ratio, ut hoc quod stomacho digeritur, et in secessum emit- 
titur, iterum in statum pristinum redeat, cum nullus hoc unquam fieri assuerit ? 
Nam quidam nuper de ipso Sacramento corporis et sanguinis Domini non rite 
sentientes dixerunt, hoc ipsum esse corpus et sanguinem Domini quod de 
Maria Virgine natum est, et resurrexit de sepulcro. Cui errori, quantum 
potuimus, ad Eigilum Abbatem scribentes de eroproc ospi quod vere creden- 
dum sit aperuimus.” 

Here the words “eroproc ospi” are to be read from right to left, corpore 
ipso.* 

In the Ogham writing this additional mode of rendering it occult, by writ- 


* See Masitton, Vetera Analecta (Ed. nov.), Paris, 1723. Fol. p. 17. 
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ing from right to left, has been frequently adopted, and Dr. Graves has 
observed that a Greek termination os is very often found in proper names in 
these inscriptions. He has hence inferred that in the present case Dinos 
would be really Dry, Dim, or Dima, the same name as that of the writer of a 
beautiful MS. of the Gospels of the seventh century, now in the Library of 
Trinity College, Dublin; and it is remarkable that Dr. O’Conor’s fac-simile of 
the first page of the Gospel of St. John, in the Stowe MS., bears a striking 
resemblance to the Dimma Gospels, both as to style of illumination and hand- 
writing, so that it may very easily be supposed to have been by the same scribe. 

In the Ogham inscriptions, however, names with the termination os are in 
almost every instance genitive forms. But, in the case before us, Dinos, if we 
read the name so, seems to be nominative, being followed by the adjective 
“peregrinus.” Nevertheless, we cannot lay much stress on this argument, 
inasmuch as the word “ peregrinus” ought, perhaps, in correct Latin, to be a 
genitive. The words are:— 

“Rogo quicunque hune librum legeris ut memineris mei peccatoris Scrip- 
toris, i. e. Sonrp [or Dinos] peregrinus.” 

Here it may be said that Sonrp, or Dinos, may as well be a genitive in ap- 
position with Seriptoris, as a nominative agreeing with peregrinus. But it is 
more likely that the construction in the mind of the writer was “Ego Som,” 
or “Drnos, peregrinus rogo.” 

On the whole, therefore, I am of opinion that the name written in Ogham 
characters is Sonip, and not Dros. 

In page 19, mention has been made of what Dr. O’Conor calls “ the anti- 
phon Peccavimus;” and he has given in one of the plates at the end of vol. 11. 
of his “Rerum Hibernicarum Scriptores” a fac-simile of the page in which this 
“antiphon” commences. It is in the older or Lombardic character, and is as 
follows :— 

“Peccavimus Domine, Peccavimus; parce peccatis nostris, et salva nos qui 
gubernasti Noe super undas diluvi, exaudi nos qui Ionam de abiso verbo 
revocasti, libera nos qui Petro mergenti manum porrexisti, auxiliare nobis 
Christe,” &e. 

In page 20, line 1, the reader is requested to read Luzeuil instead of Lisiewa. 
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